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Gousiekte in Sheep.
By Sir Arnold Theiler, K.C.M.G., Director of Veterinary

Education and Research; P. -T. du Toit, B.A., Ph.D.,
Dr. Met.Vet., Deputy-Director of Veterinary Education and
Research, Onderstepoort

;
and D. T. Mitchell, M.R.C.V.S.,
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Definition.

Gousiekte is a disease of sheep caused by feeding on the plant

Yangueria pygmaea (Schlecht) (Rubiaceae). The plant contains a

toxic principle which acts on the heart, giving rise to a productive
myocarditis, and subsequent dilation of the ventricles, ending most
frequently with failure of the heart. The term “ gou,” meaning
quick, refers to the sudden heart failure. Under ordinary conditions,

the animals frequently are not noted to be ill, but when handled in

the usual way sudden deaths occur.

PART I.

Geographical Distribution and Historical Notes.
Gousiekte is a disease of South Africa, and so far has been

brought to our notice in the Transvaal only. Tt is very localized in

its distribution. We first heard of its existence in the Ermelo
District, particularly in the New Scotland area, extending from the

neighbourhood of Lake Chrissie over a number of farms towards the

east as far as the Swaziland border. Another centre is in the Pretoria
District, extending over a stretch of country between Kaalfontein
and Bronkhorstspruit. Not all farms are equally affected in a

gousiekte area, nor is it the whole farm that is unhealthy. As a rule,

there are only certain portions of such farms, which are well known
to the experienced farmer. Reporls of the existence of this disease

in the Marico District were received by us, and the responsible plant
was forwarded for identification. Whilst by now it is quite evident
that the disease does not occur where this plant is absent, experience
has shown that the plant has a -much wider distribution and occurs
in localities where so far the disease has not been noted. This is,

perhaps, partly due to the fact that in these areas sheep are not
kept or the plants are not present in sufficient numbers, and accord-

ingly a quantity insufficient to have toxic effects is eaten. The
presence of the plant in Natal was noted by Mr. Mogg near Darkle
Road and Lidgetton, where it occurs on certain farms in limited
numbers. From experiments carried out systematically, which will

be ieferred to in the further course of this paper, it is, however,
evident that the toxicity of the plant varies in different seasons.

Amongst the farmers who have had experience with this disease, and
who connected the plant with the cause of the disease before our
experiments proved it to he so, the opinion is met with that plants
grown on different soils vary in toxicity. They claim that plants
grown on red soil are very poisonous, and plants grown on black soil

are less so or not at all. Vangueria pygmaea (Schlecht') is well known
in the Transvaal under the name of “ Gousiektebosje.”

It has also been noted that veld that is. toxic can be rendered
safe when the pasture is closely cropped.

Earlier Experiments .—The study of gousiekte was commenced
by the Division of Veterinary Research in 1907 by Walker, and the
results of his findings were published in the report of the Government
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Veterinary Bacteriologist for the year 11)08-09. Walker, before
joining the Division, had met with the disease in the Umfolozi area

of New Scotland (Ermelo) in June and July, 190T, on farms that
were known to the older inhabitants for many years previously to be
unhealthy for sheep. The main facts, subsequently confirmed by
farmers in other parts of the country, about the occurrence of the

disease at that time were as follows: “ The cause existed only on
certain portions of unhealthy farms, cases occurred after a few
weeks’ grazing thereon, deaths occurred up till a few weeks after

their removal to a known healthy portion of the farm, and outbreaks

are first noticed at the beginning of summer and end shortly before the
appearance of the first frost.”

Grazing of the flock on well-stocked areas was considered to be
a preventive. No definite views were held about the cause of the

disease. Burning of the veld at certain times of the year was thought
to be a factor, and some owners contended that sheep grazed on a

lecent burn would not die as readily. The opinion was generally
expressed that putting on condition too rapidly was the main cause
of the disease. The gousiektebosje was at that time and in that
locality where Walker carried out his investigations not looked upon
to be the cause of gousiekte. At least, he does not mention it. On
searching the South African literature on the subject, he found
neither the name of the disease mentioned in the publications of the
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pioneer veterinarians, nor any reference to the plant as being toxic

or suspicious of being so. The information concerning g-ousiektebosje

was obtained subsequently in another part of the country, and
particularly from one farmer, Mr. D. J. Strydom, who put his farm
Witfontein, wear Kaalfontein, Pretoria District, at our disposal for

researches and where subsequent investigations have been carried out

over a number of years (1916-22).

The instructions given to Mr. Walker, who commenced his

investigations in March, 1908, on Billysvlei were to make a clinical

and pathological study of the disease in the first instance and to

explore the various avenues through which the disease might be

contracted. Tor the latter purpose, a number of sheep were exposed
in various ways, and it was hoped that the results so obtained would
lead to new experiments that would allow us to detect the cause

itself. The main experiments that came into consideration were as

follows :
—

1. One lot of sheen to run under natural conditions and to

he kraaled at night according to, the custom of sheep
farmers of that particular part of the country. This lot

was to be the control lot.

2. One lot, to he muzzled and to run witli the control lot

during the day, to he kraaled during feeding hours and at

night
;

this lot was called the muzzled lot.

3. One lot to he kraaled constantly, day and nicrht, and to

be fed on forage. It was called the kraaled lot.

The conclusions to he drawn from these experiments would be :
—

(1) In case all three lots would give positive results, that the
disease would probably be communicated by winged
insects.

(2) If the sheep of Lots 1 and 2 would succumb, that ticks

would most likely be the carriers; and
(3) If the controls alone would contract the disease, that the

agency -would have to enter the body via the mouth, and
most likely would be a toxic plant, to which the circum-
stantial evidence so far obtainable at that time had already
pointed.

There were other experiments carried out as well, but which are

irrelevant at this juncture. Unfortunately, no progress was reported
during the first year. No disease appeared on the experimental farm
or throughout the districts, and the experiments were discontinued
in July, 1908.

This fact of the disappearance of the disease is a very interesting
one; it has already been alluded to and will be brought up again in

discussion in the further course of this paper.
The experiments on the lines indicated were recommenced in

December, 1908, and discontinued in June, 1909. This year, progress
was reported. The net result was that, out of seventy-one sheep of
the control lot, which were running under natural conditions, fifty

deaths occurred, the cause of which was evidently specific. The
disease from which they suffered was diagnosed as gousiekte.
Amongst the muzzled sheep no cases similar to gousiekte occurred,
and none amongst the kraaled sheep.

It was thus quite evident that the cause of the disease had its

avenue into the sheep through the mouth. Mr. J. D. Burtt-Davy,
at that time 'Government Botanist, -surveyed the area, and .a number
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of suspicious plants were collected
;
feeding experiments were carried

out by Mr. J. Walker, wlio meanwhile bad taken charge of the

experiments.* These experiments gave negative results. Vanguetia
pygmaea was not amongst the plants that were tested.

Before the muzzling experiments had permitted the definite con-

clusion being drawn that the disease was of pure vegetative origin,

a comprehensive series of experiments was carried out by Walker to

ascertain whether material taken from sheep that died of gousiekte

or had been killed whilst they were ill, would convey the disease when
injected into healthy sheep. Accordingly, sheep were injected both
subcutaneously and intrajugularly with blood. Further injections

were made with serous exudate of the pleural cavities, of the pericar-

dium, of the peritoneal cavity, and of the subarachnoidal space,

with emulsion of lung, liver and spleen, brain and spinal cord, and
with portions of the jejunal contents. Large numbers of sheep were
drenched with portion of the contents of the stomach and the jejunum.
Some sheep were also drenched with exudate of the pleural cavity.

In no instance did the injected or drenched animal contract a disease-

that could be identified with g'jusiekte, and the conclusion that the
disease was not a communicable one from sick to healthy sheep was
accordingly justified. Infection by contact could be excluded from
general experience. Sheep only sickened on definite farms, and
when removed whilst the disease was still in the flock, they did not
communicate it to healthy ones with which they mixed after removal
fiom the unhealthy farm. In the course of our subsequent experi-
ments, this observation was repeatedly confirmed.

Experiments in the Ermelo District were subsequently completely
abandoned. Farmers had learned to know the unhealthy areas by
bitter experience and accordingly knew how to prevent the disease
by not stocking the unhealthy portion of the farm. There was
accordingly no further demand for research.

A new opportunity offered itself in the year 1915, when a very
severe outbreak occurred amongst the sheep of Mr. D. J. Strydom,
of Olifantsfontein, previously referred to. When the outbreak was
brought to our notice in May, 1915, the sheep were no longer on
gousiekte veld, but on their way from the high veld back to the home
farm iliey had previously passed through such veld. According to

Mr. Strydom, the sheep arrived on the farm Witfontein, near Ivaal-

fontein, one morning at 10 o’clock and remained there until the
following morning at 8 o’clock. The flock Contained 1,761 sheep, of
which 1,047 subsequently succumbed to gousiekte, or 59 per cent.
It was this farm Witfontein that subsequently was placed at our
disposal and where the experiments were carried out that finally led
to the determination of Vangueria pygmaea (Schlecht) as the cause.
It wras also Mr. Strydom who gave us the first information that this
plant was the cause of the disease, which plant in the Pretoria
District was known under the name of

“
gousiektebosje.” Mr.

Strydom never wavered in his opinion about this plant being the
cause, not even at a time when the first feeding experiments gave
negative results.

The experiments detailed in the following pages were carried
out in close consultation wflth Dr. I. B. Pole Evans, C.M.G., Chief of
Ihe Division of Botany, to whom and to his staff wre gratefully
acknowledge botanical assistance.

* Goaziekte, a disease of sheep : Report of Govt. Vet. Bacteriologist of the
Transvaal, 1908-9, p. 74.
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PART II.

Epizootology.

When gousiekte appears amongst a flock on a Vangueria pasture,

it takes the course of an enzootic that resembles one caused by infec-

tious agencies. The following notes refer to an outbreak amongst a

flock of sheep that were exposed for the purpose of studying the

disease without any special attention to its cause.

On 18.1.16 three hundred hamels were sent to Witfontein. They
grazed therd during the day and were kraaled at night. The sheep
had previously been made use of for the production of blue-tongue
vaccine (catarrhal fever of sheep), for which purpose they had been
bled to the extent of about 800 c.c. Some of the sheep suffered

subsequently from this loss of blood, and accordingly some mortality

was noted during the first three weeks which could not be put down
to gousiekte. The total number of sheep that succumbed during this

period was fourteen
;

death was explained as a sequel to posthaemorr-
liagic anaemia and concurrent verminosis. Subsequently, the sheep
picked up in condition, and the mortality from the causes mentioned
ceased. Eight sheep were lost in the veld, thus reducing the number
of available sheep to 278.

The sheep were grazed on a portion of the farm which had been
pointed out previously by Mr. Strydom to be particularly poisonous.
'The soil on this portion consisted of red loam. On closer examination,
it was noted that the plant Vangueria pygmaea occurred in striking
almndance. That portion of the farm which was said not to be or at

least to be less poisonous had black soil, and Vangueria was decidedly
less numerous, although in some places some small patches could be
found on which it was fairly abundant. Observing the sheep by
following the flock and by examining the plants it could be ascer-
tained that Vangueria pygmaea was eaten by some of the animals.

The first case of gousiekte occurred on 24.2.16. The sheep were
iiien returned in two lots to Onderstepoort, where observations were
continued. The first lot of forty sheep was dispatched on 4.3.16 and
the second lot of 202 on 10.3.16.

The following table (which does not include the sheep that died
from other causes or were lost) gives the dates on which deaths
occurred, the number of deaths that occurred on the particular date,
tlie interval that elapsed between exposure to the gousiekte veld and
death, and the interval that occurred between the date of return to
Onderstepoort and death, viz., the period during which the sheep
could no longer feed on the toxic plants.

Table I.

Deaths amongst 278 surviving sheep sent to Witfontein
to graze on 18.1.16.

Date Sheep Number of
Interval after Interval after return

Died. Sheep that Died.
Grazing.

Days.
to Onderstepoort.

Days.

24.2.16 1 37
27.2.16 1 40
2.3.16 4 44
8.3.16 18 50
9.3.16 6 51

10.3.16 6 52
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Deaths amongst 40 sheep returned from Witfontein
to Onderstepoort on 4.3.16.

4.3.16 O 46 —
5.3.16 1 47 1

7.3.16 9 49 qO
8.3.46 1 50 4
9.3.16 1 51 5

10.3.16 3 52 6
12.3.16 1 54 # 8

13.3.16 1 55 9

15.3.16 1 57 11

17.3.16 4 59 13
19.3.16 1 61 15
20.3.16 1 62 16
22.3.16 9 64 18
23.3.16 1 65 19

24.3.16 1 66 20
25.3.16 2 67 21
26.3.16 9 68 22
27.3.16 1 69 23
28.3.16 1 70 24
29.3.16 1 71 25

Deaths amongst 202 sheep returned from Witfontein
to Onderstepoort on 10.3.16.

Date Sheep
Died.

N umber of

Sheep that D : ed.

Interval after

Grazing.

Days.

Interval after return

to Onderstepoort.

Days.

11.3.16 9 53 1

12.3.16 4 54 2
13.3.16 7 55 3
14.3.16 9 56 4
15.3.16 12 57 5
16.3.16 9 58 6
17.3.16 7 59 7
18.3.16 11 60 8
19.3.16 •5 61 9
20.3,16 6 62 10
21.3.16 4 63 11

22.3.16 8 64 12
23.3.16 9 65 13

24.3.16 <•) 66 14
26.3.16 1 68 16

27.3.16 9 69 17

28.3.16 3 70 18

30.3.16 1 72 20
2.4.16 1 75 23
3.4.16 1 76 24
8.4.16 1 81 29
9.4.16 1 82 30
19.4.16 9 92 40
21.4.16 1 94 42
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It will be rioted from the above table that between the date of

first death on 4.3.16 and the 10.3.16 (return of the second batch),

36 sheep died of gousiekte. The shortest period that elapsed between

exposure and death was 37 days. This interval might be considered

to be analagous to an incubation period in an infectious disease,

but it is probably more correct to speak of a period of latency, during

which the lesions gradually developed. Of the first lot of sheep that

returned (40 on 4.3.16), 31 died of gousiekte; the last death noted was
on the 71st day after first exposure, or 25 days after return. In the

second lot (202 sheep), that were returned on the 10.3.16, the mortality

amounted to 106, and the last death occurred 04 days after the first

exposure, or 42 days after return.

It will be noted that the first heavy mortality was noted in

Witfontein on 8.3.16, amounting to 18 sheep, out of 232 that were
still present on that date, viz., on the 50th day after exposure. After
that time, mortality occurred daily up to the 66th day after exposure,

the days of heaviest mortality being on the 52nd, 57th, 59th, 60th.

64th. and 65th, on which dates the number of deaths exceeded ten

per day. After the 66th day the mortality commenced to diminish,
and deaths no longer occurred daily but at irregular intervals.

Of the 300 sheep exposed to gousiekte veld, 278 come into con-

sideration, which figure serves to calculate the morbidity and
mortality; 22 sheep had disappeared or died of other causes before

the first death from gousiekte occurred on the 24.2.16. Of these,

173 died of gousiekte= 62 per cent. The morbidity is slightly greater,

10 sheep of this lot having recovered.

Attention should be fixed on the length of the interval after

exposure and the first death, which is 37 days, and the last death
that occurred after removal of the flock, which is 42 days. Both
periods are sufficiently close to suggest some relation, viz., the sheep
that died after 37 days picked up sufficient poison on the first few
days after arrival, and the sheep that died on the 42nd day probably
consumed the plant during the last few days before departure, sup-
posing, of course, that that quantity which was eaten on one particular

day reached the toxic minimum. Indeed, in one feeding experiment
( vide Part IV, Expt. 37, Sheep 1065) one sheep fed with the minimum
quantity of 2 lb. of Vangueria leaves died on the 37tli day after
feeding.

In a number of feeding experiments subsequently undertaken
that extended over 10, 14, 15, 16, and 17 days-, mortality occurred
from the 38th day until the 62nd day after commencement of feeding,
thus indicating that different sheep require longer periods to develop
the disease, and probably also larger quantities of toxic material.
All these observations are in accordance with the facts already known
about gousiekte.

The experiments carried out at Witfontein represent more or
less the condition that would obtain when gousiekte has broken out
among’st a flock of sheep belonging' to a farmer. At the first heavy
mortality, he would take alarm and would trek with the flock to a

place of safety. There the mortality will continue and finally stop.
When, however, the sheep are not removed from gousiekte veld, the
course is a different one. This course is shown in Mr. Walker’s
experiments in Billysvlei in 1908-09. From 20th December, 1908,
until 15th June, 1919, 71 sheep were exposed to the gousiekte veld, of
which 50 died = 70 per cent. The following. Table II, taken from
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Mr. Walker’s report, gives the different intervals at which the sheep
died after they had been exposed to the toxic veld.

Table II.

Deaths among 71 sheep grazing on Gousiekte Veld
during 1908-09 in Ermelo District.

Number of

Sheep that Died.

1

1

1

2
1

1

2
1

2
1

2
1

1

1

3
1

2
3

1

1

2
1

1

2
1

1

L

1

1

1

1

1

2
1

1

1

1

1

Number of Days
after Grazing.

34
45
51
53
50
59
GO
61
62
63
65
67
69
70
73
74
75
76
77
79
81
82
84
86
89
93
97
101
112
115
116
118
119
123
125
130
136
146

50

It will be noted that the shortest period registered by Walker
was 34 days, and the longest period was 146 days. Dividing the
interval from exposure to death into four periods, it will be seen
that the mortality was the heaviest during the second interval, from
the 50th to the 90th day, amounting to 45 per cent.

In our experiment, the heaviest losses were over by the 66th day.
This discrepancy of results has most likely something to do with the
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state of vegetation of the veld the sheep were exposed t'o on the

different dates.

In Billysvlei, the sheep were exposed to a younger and hence

more succulent vegetation than in Witfontein. The sheep under
such conditions will not readily eat Vangueria, but prefer the more
palatable plants., and only gradually take to Yangueria, hence the

mortality was spread out over a longer period. In Witfontein, the

sheep were exposed to a more mature grass-veld and at a period

when Yangueria was probably most palatable to the sheep, hence they

took more readily to it, and accordingly the subsequent mortality

occurred within narrower intervals.

In this respect, the experience of Mr. Strydom may again be

related. He lost 59 per cent, of his sheep in the season 1915, the

sheep having been on gousiekte veld for not more than twenty-four

hours. This heavy mortality occurred in a flock that had been trek-

king from the high veld, the sheep being hungry, and were given a

rest in a gousiekte veld at a time (end of autumn) when the Yangueria
was still in abundance and 'succulent, so that the hungry sheep

relished it more than the other pasture.

In this connection, it must also be remembered that the toxicity

varies in the course of a season; that it is at a minimum in the begin-
ning- of the season and increases during the season, reaching its

maximum when the plant has already fruited. There a-re accord-

ingly a number of factors that determine the course of an enzootic

and the percentage of mortality.

It is most likely that not all sheep are equally fond of this par-

ticular plant and probably never touch it, hence it is evident that

not all sheep of a herd exposed to gousiekte veld will die. But
this assumption is by no means the only, and probably not at all, a

possible explanation that not all sheep exposed to gousiekte veld die

of this disease. Feeding experiments carried out over different periods

(14 to 20 days) have shown that only a certain percentage of sheep
sicken and die, whilst all the sheep had eaten the plants. We must,
therefore, assume that not all sheep are susceptible to this plant
toxin, or, more likely, that different sheep require different quantities
of the plant before they sicken, naturally the quantity required being
dependent on the toxic state of the plant on that particular date.

In the course of our observations, we have noted that some sheep
have recovered from gousiekte after they had shown distinct symptoms.
Recovery of sheep that have shown clinical symptoms being thus
possible, one is justified in assuming that sheep can suffer from
gousiekte without showing outwardly any symptoms at all, and
accordingly it is likely that amongst the surviving sheep there will
be actually more recoveries than can be clinically diagnosed. Whilst
this explanation may hold for sheep that are removed from the
gousiekte veld and kept quiet, it probably dties not hold with sheep
that are constantly exposed and are driven about. Under such con-
dition, to judge by Walker’s experience, more sheep die. This is

probably due to the fact that the grazing over the vekl increases the
strain on the heart, apart from the fact that such sheep continue to

eat the toxic plant, to which they finally succumb.

PART III.

The Seasonal Occurrence or Gousiekte.
Walker made the statement that meteorological conditions are

said to play an important role in the occurrence of gousiekte. and
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the accepted view is that outbreaks appear during the summer months,
particularly in wet seasons, and end shortly after the first frost.

In the following notes we quote the observations of Walker
during his stay in Billysvlei, and we add the observations made by
us during the years 1915-20 in Witfontein :

—
Season 1906-1907 (Billysvlei).

The rainfall was above the average. Gousiekte appeared as late

as Ihe 14th June, 1907, and continued until the end of July, 1907.

Season 1907-1908 (Billysvlei).

A flock of sheep was grazed over the same ground where the

sheep contracted gousiekte last year. The sheep were exposed from
the beginning of April until the end of June, 1908.

No cases of gousiekte occurred.

Rainfall— Inches

1907—

July 0.30

August 0.00

September 1.05

October 6.55
November 3.43

December 2.68 Inches.
1908

—

January 6.07—Total in 7 months... 20.08
February 0.65

March 2.34
April 1.85

May 0.00

June 0.22—Total in 5 months ... 5.06

Total for the year ... 25.14

Season 1908-1909 (Billysvlei).

The experiments commenced in December, 1908, and were dis-

continued on 15th June, 1909. Seventy-one sheep were exposed and
50 died of gousiekte= 70 per cent. The first death from gousiekte

occurred on 10th February, 1909, in a sheep that was exposed on
8th January, 1909, and had, therefore, been grazing for 34 days. It

was exposed on 8.1.09. Since 34 days forms the lower limit noted in

the interval between exposure and death, it must be concluded that

the veld was poisonous on the day of exposure, viz., in December,
1908.

Rainfall— Inches.

1908—

July 0.54

August 1.17

September 0.89

October 2.02
November 7.13

December 4.08 Inches.

1909

—

January 11.18—Total in 7 months... 27.01

February 6.53

March 4.27
April 1.28

May 0.32
June 0.00—Total in 5 months ... 12.40

Total for the year ... 39.41
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Sea-xiw 1914-1915 ( Witfontein).

Mr. Strydom exposed accidentally in April, 1915, 1,760 sheep

for less than twenty-four hours to the gousiekte veld of Witfontein.

Of these, 1,047 sheep subsequently died of gousiekte= 59 per cent.

Rainfall— Inches.
1914—

July 0.00

August 1.07

September 0.44
October 2.41

November .... ... 7.53

December 7.54 Inches.

1915

—

January 13.22—Total in 7 months... 32.21

February 6.61

March 2.12
April 0.00

May 0.37

June 0.00—Total in 5 months... 9.10

Total for the year ... 41.31

Season 1915-1916 (Witfontein).

On 18.1.16, 300 sheep were exposed. Of these, 14 sheep died

of intercurrent diseases and 8 were lost before gousiekte appeared.
The disease was first diagnosed on 24.2.16. On the 4.3.16 and 10.3.16,

the sheep were removed to Onderstepoort. The mortality on Witfon-
tein before removal amounted to 36 sheep, and after removal to 137
sheep. The first death took place 37 days after exposure, and the
last death occurred 94 days after exposure, or 42 days after removal.
The mortality was 62 per cent, of the sheep exposed.

Rainfall— Inches.

1915—

July 3.01

August 0.00
September 1.05

October 3.88

November 3.79
December 3.48 Inches.

1916

—

January 2.14—Total in 7 months ... 17.35
February 2.14
March ... 2.90
April 0.40
May 0.21

June 0.00—Total in 5 months .. . 5.65

Total for the year ... 23.00
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Season 1916-1917 (Witfontein).

A total number of 399 sheep were exposed at different intervals,

as follows :
—

Sheep.

From 18.11.16— 3.12.16 ...

„ 18.11.16—21.12.16 ...

,, 18.11.16— 4.1.17 ...

,, 2.1.17 —19.1.17 ...

„ 2.1.17 — 3.2.17 ...

1.2.17 —20.2.17 ...

„ 1.2.17 — 2.3.17 ...

,, 20.2.17 —16.3.17 ...

,, 28.2.17 — 4.4.17 ...

,, 14.3.17 — 4.4.17 ...

„ 14.3.17 —18.4.17 ...

,, 2.4.17 — 4.5.17 ...

„ 2.4.17 —17.5.17 ...

,, 16.4.17 —31.5.17 ...

No mortality was noted during the period

25
30
27
21

20
37
35
32
23
17

19

40
37
36

Rainfall— Inches.

1916

—

July 0.00

August 0.00
September 0.00

October 1.67

November 3.63
December 6.02 Inches.

1917

—

January 3.14—Total in 7 months ... 14.46
Februarv 6.29

March r. 1.50

April 2.18
May 0.85

June 0.63—Total in 5 months ... 11.45

Total for the year ... 25.91

Season 1917-1918 (Witfontein).

Three hundred and ninety-eight sheep were exposed as follows :
—

15.11.17—19.12.17
Sheep.

48
3.12.17—17.1.18 50
27.12.17— 2.2.18 50

—148 sheep.
7.1.18 — 7.3.18 31

14.1.18 — 7.3.18 44
31.1.18 —15.3.18 41
5.3.18 —29.3.18 44

—160 sheep.
5.3.18 — 4.4.18 48
2.4.18 —28.5.18 42

— 90 sheep.
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Mortality from gousiekte occurred in the lots exposed between

the dates 7.1.18 and 29.3.18, and amounted to 79 of the total

number=19.6 per cent. No mortality occurred in the sheep exposed

before 7.1.18 and none after 5.3.18. The mortality thus only occurred

amongst 85 sheep exposed at the critical period (
= 49 per cent.). On

two occasions in the month of March (9th and 17th), the temperature

dropped below freezing point.

Rainfall— Inches.

1917

—

July 0.48

August 1.52

September 0.93

October 0.40

November 11.80

December 4.38 Inches.

1918

—

January 4.23—Total in 7 months ... 23.74

February 4.58

March 4.80
April 0.00

May 0.00

.Tune 0.00—Total in 5 months ... 9.38

Total for the year ... 33.12

Season 1918-1919 (Witfontein).

Fifty control sheep were exposed from 6.1.19 until 20.3.19.

The mortality amongst this lot amounted to 18 from gousiekte =
36 per cent.

Rainfall— Inches.

1918—

July 0.00

August 4.30
September 0.35

^October 4.90
November 4.28
December 4.31 Inches.

1919

—

January 3.74—Total in 7 months... 21.88
February 2.62

March 1.90

April 1.25

May 0.20

June 0.00—Total in 5 months ... 5.97

Total for the year ... 27.85

Season 1919-1920 (Witfontein).

Fifty control sheep were exposed from 11.12.19-27.4.20.

The mortality amongst this lot amounted to 11 sheep = 22 per cent.

The mortality occurred between 2.3.20 and 17.4.20.

Of 25 sheep that were sent to Witfontein on 22.3.20 and kept on
vangueria veld until 16th April, 1920, i.e. for a period of 25 days,

* Record for Olifantsfontein (adjoining farm)
;
that of Kaalfontein not registered for

this month.



9 died subsequently of gousiekte in Onderstepoort between 27.4.20 and
25.5.20 = 35 per cent.

Rainfall— Inches.1919—

July 0.00
August 0.00
September 0.00
October 1.20

November 4.79
December 1.91 Inches.

1920

—

January 3.18—Total in 7 months ... 11.08
February 1.45

March 3.12
April 0.60
May 0.00
June 0.00—Total in 5 months .. . 5.17

Total for the year ... 16.25

Conclusion.

The experiments in Billysvlei were undertaken at the request of

the farmers of the New Scotland area, because in the year 1907 a

heavy mortality had occurred amongst the sheep in that area, par-

ticularly on the farm mentioned.
The year 1907 showed a rainfall above the average. The experi-

ments were undertaken in 1908, but no gousiekte occurred. The rain-

fall during the first seven months amounted to 20.08 inches, and only
to 25.14 inches for the whole season. This rainfall was stated to be
below the average. For the season 1909, the rainfall amounted to

27.01 inches for the seven month, and 39.41 inches for the whole year.

This rainfall was reported to be above the average. It thus so

happened that during the year of low rainfall (1907-08) no gousiekte
occurred. It would thus appear that rain is a factor for the occur-

rence of gousiekte, and that the amount of 20 inches is not sufficient

to bring it about.
The observations in Witfontein are not in complete accordance

with this conclusion. It it true that for the first year of the observa-

tions (1914-15) the mortality was high, and so was the rainfall. In
the year 1915-16 the mortality amounted to 62 per cent. ;

the rainfall

was, however, below the liig'h veld average, viz., 17.35 inches for the
first seven months, and only 23 inches for the whole year. It must
be mentioned that the meteorological conditions of the two localities

(which are in different parts of the country and situated at different

altitudes) cannot be expected to be identical, and what represents an
average rainfall for the high veld may still be a high one for the
middle veld, in which Witfontein is situated.

Accordingly, one would expect that in the latter locality a lower

rainfall will be required to bring about the condition for the occur-

rence of gousiekte. The season 1916-17 had a rainfall of 14.46 inches
for the seven months, and a total rainfall of 25.91 inches for the

whole year. The rainfall for the seven months is below that for the

same period of Billysvlei, when no disease occurred. We now have
the same phenomenon at Witfontein, with a low rainfall in 1917, when
no disease was noted.
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Accordingly, we would be justified iu concluding that when in

Witfontein an amount of 14.46 inches of rain is noted, the disease

cannot be expected.

In the year 1917-18 the rainfall was 23.74 inches for the seven

months, and the total amount was 33.12 inches for the whole year.

This would explain the occurrence of gousiekte. Amongst a large

number of sheep, however, deaths from this disease only occurred

to the extent of 19.6 per cent.

Comparing these facts with those noted in 1915-16, we would have
been justified in expecting mortality. The events of the two years

aie comparable, since about the same number of sheep were exposed
during the same period.

A remarkable feature of the observation of 1917-18 was, that of

the sheep exposed, mortality occurred in those lots that were exposed
between 7.1.18 and 5.3.18. On the latter date, two lots were exposed,
but only in one was the mortality noted. The cessation of mortality

in March coincides with the appearance of frost early in that month.
The absence of the disease during the first months of the year 1918
is not expected, seeing that the rainfall for the first seven months was
a high one.

The observations made in 1918-19 and 1919-20 do not extend to a

large number of sheep, only 50 at a time, but the number was large

enough to confirm the presence of the disease. With a rainfall of

21.88 inches fertile first seven months in 1918-19, and a total of 27.85
for the whole year, a mortality of 36 per cent, was noted; and with
a rainfall of 11.08 inches for the seven months of 1919-20, or 16.25

inches for the year, a mortality of 22 per cent, was noted. This
mortality reaches eA-en a higher figure (35 per cent.) A\hen a selected

number of sheep, grazing iu a Vangueria camp, is taken into account.
In the season 1919-20, in Avhich Ave noticed the loAvest rainfall

both for the seATen months and the whole year, we still have a fairly

large mortality from gousiekte. The rainfall was even lower than in

the season 1916-17, Avhen no disease Avas noted. Accordingly, the
total amount of rain would not appear to be the determining factor in

the occurrence of gousiekte. It was then thought that the distribu-

tion of rain OA’er the different months, and particularly the rainfall

during the winter months, would influence the occurrence of the
disease.

In the year 1914-15, a good rain was already registered in

August, and A’ery heavy rains in November, December, and January;
the mortality was high ; in 1915-16 an unusual rain had fallen in July,
and fair rains occurred from September onAvards. The mortality from
gousiekte was high. In 1916-17 there was no rainfall during the
Avinter; it rained in October, and rain was very heavy in December
and February. No mortality Avas noted.

In 1917-18 we again bad rain during the winter, and a heavy rain
in November and fair rains subsequently. The mortality only reached
19 per cent.

Nevertheless, it was thought that the winter rain and heavy spring
rain influenced the occurrence of the disease. This conclusion Avas,

however, entirely upset the folloAving years. In 1918 Ave had no
winter rains; there was a good rainfall in August. In 1919 we had no
winter rain, and the first fall occurred only in October, and yet the
mortality in those two years was respectively 36 per cent, and 35 per
cent.
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It would thus appear that neither the total rainfall nor its distri-

bution are the sole factors governing' the occurrence of the disease.

One fact, nevertheless, remains: that whilst we have noticed the
absence of the disease to coincide with a low rainfall, we did not notice

the reverse: the absence of the disease with a high rainfall; and,
taking this fact into consideration, we may yet conclude that the
amount of rain and distribution of rainfall are factors in the occur-
rence of the disease. The other factors are not known to us.

Whilst the fact has been established that gousiekte occurs in some
years and not in others, it has further been found that the disease

does not appear every year throughout the whole season. This fact

was registered by us in the season 1917-18, when the disease was only

contracted during a certain period and was arrested by the early
frosts. It is difficult to explain why the disease did not appear during
the early months of the season, since similar meteorological conditions
were then prevalent as in other years. It certainly does not coincide
with any particular stage in the life of Vangueria pygmaea. This
plant can be found in hixuriant growth already in the months of

November and December and is flowering and fruiting when the
disease occurs.

As Pole Evans suggests ( vide
“ Gouwziekte Veld,” page 118), it

is possible that “ so long' as the grass remained green and succulent,

sheep showed little desire to eat Vangueria pygmaea and other plants,

but directly a spell of dry weather occurred, and the grass showed
any tendency to wilt, Vangueria pygmaea and other bushes formed
the staple grazing . . Deference to the available meteoro-
logical records of temperature and rainfall does not enable anv proof

to be adduced in support of this possibility, but it is, nevertheless, very
feasible, as wilting is easily produced by dry winds.

In other years, the mortality commenced earlier and continued
for a long period; these were the years with “ late frosts.” In the
year 1907, in the high veld the disease was noted to occur as late as

June and July, and to begin as early as December. In Witfontein it

was still contracted in April and May of 1914 and 1920.

It would thus appear that the temperature is another factor in the
occurrence of gousiekte, but so far the only fact that appears to be
established is that a temperature below freezing point stops the
disease. What then actually occurs we do not know. Probably sheep
no longer eat the frosted Vangueria pygmaea.

PART IY.

The Cause of Gousiekte.

As already stated, many of the farmers in the Pretoria District,

particularly in the neighbourhood of Witfontein, and, above all,

Mr. Strydom and his father, were most emphatic that Vangueria
pygmaea (Schlecht) was the cause of gousiekte. The name for the
plant,

“
gousiektebosje,” in this respect is quite significant. Never-

theless, there were other farmers who held different views, and even
the neighbours of Witfontein differed in their opinion as to the cause.
One farmer accused CAerodendron t/ripliyllum (H. H. W. Pears),
having found the berries in the stomach of a dead sheep; another
thought that Asclcpia steUaria a so-called melkbosje, was the cause.
Mr. Strydom at the outset of our investigations pointed out to us that
whilst the gousiektebosje was undoubtedly the cause of the disease,
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< lie disease itself did not occur on all the farms where the bosje was
found, and he instanced the fact that, although the plant occurred

at his home farm (Olifantsfontein), as yet he never saw a single case

of the disease contracted on his farm. He explained that this differ-

ence was related to the soil on which the plants grows. He stated

that plants on red soil are toxic; plants on black soil are not.

Feeding Experiments with Vangueria pygmaea.
Season 1915-1916.

These were commenced on 25.1.16. The plant was collected in

Witfontein and sent to Onderstepoort. Half a bag arrived at a time,

and this was fed so long as it lasted. Ten sheep were selected, and
feeding was undertaken on the following dates:—

25.1.16, 26.1.16, 1.2.16, 24.2.16, 27.2.16, 3.3.16, 8.3.16,

10.3.16, 17.3.16. 23.3.16. 27.3.16, 2.4.16.

It will thus be noted that twelve different feeding experiments
were carried out during the months January, February, March, and
April. The plant was not mixed with other foodstuffs but fed alone.

It was well eaten by the sheep.

It must be remembered that the summer of 1916 was a bad year
for gousiekte, of 300 sheep exposed on 18.1.16, 62 per cent, subse-

quently died of gousiekte.

It further must be remembered that in the year 1915, out of 1,760

sheep that had been feeding for less than twenty-four hours on the

farm Witfontein, Mr. Strydom lost 59 per cent. It was thus thought
that the plant being so toxic, as it would appear from Mr. Strydom’s
experience, there should be no difficulty in settling this point with a

few experiments.
Result .—The results were negative. This was unexpected, since

Ihere can be no doubt that gousiekte was present on the farm and
during the period when Vangueria was collected.

Season 1916-1917.

Experiment 1.—Two sheep were selected for the feeding experi-

ments. On 20tli December, 1916, green leaves of Vangueria pygmaea
were mixed with green food and supplied to the sheep. Feeding of

the plant was then discontinued until 24th January, 1917, when for a

period of eight days the plant was supplied daily mixed with food

;

the third period was six days from the 5th of February; the fourth
period was for eight days from the 13th February; the fifth period
was for five days from the 24th February, 1917.

Experiment 2.—Ten sheep were fed on the fruit of Vangueria
pygmaea collected on Witfontein. The first period lasted eight days
and commenced on the 24th of January, 1917 ;

the second period com-
menced on 5th February, 1917, and lasted six days; the third period
commenced on 13th February, 1917, and lasted seven days; the
fourth period commenced on 24th February, and lasted four days.
The sheep consumed the fruit.

Experiment 3.—Eight sheep were selected on 11th March, 1917,
for the experiment. This time the plant was mixed with other plants
that were quite common on Witfontein (Clerodendron triphyllum;
Tusticia; Pentanisium

;
Parvicum serratum). The first period during

which two plants were fed (Vangueria and Clerodendron) commenced
on 10.3.17 and lasted eight days. The second period commenced on
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20.3.17 with all five plants and lasted for six days; the third period

commenced on 29.3.17 with the two plants first mentioned and
lasted two days; the third period with four plants (CleroderwJron,
Pentanisium, Dimorphotheca, and a rusted Vangueria) commenced on
17.4.17 and lasted three days..

Result.—All these experiments were negative. This result,

although unexpected at the time, could be understood at the conclu-

sion of the season, since during the course of the season it became
evident that the control sheep that were running free on the pasture
did not die of gousiekte.

Conclusion.—In the light of subsequent positive experiments with
I angueria pygmaea, the fact may be considered to be established,

that in the season 1916-17 the plant was not toxic. It is, however,
true that no accurate account of the quantities supplied or eaten was
kept, and it might be argued that the sheep did not obtain the required
amount of the plant. This objection was taken into consideration
during the later years of experimentation.

Season 1917-1918.

With the object of including a wider range of plants in the feed-

ing experiments, it was thought advisable to determine first whether
the cause of the disease has to be looked for amongst the Gramineae
or the herbaceous plants or “ bosjes.” For this purpose, two paddocks
were fenced in; in one, the grass paddock, all plants other than
Gramineae were carefully picked out

;
whilst in the second one. the

herbaceous-plant paddock, all the Gramineae were removed. The
sheep were exposed as follows:—

Experiment. 4.

—

-Grass Paddock—
(a) 15 sheep from 19.3.18—24.3.18, and

( b ) 42 sheep from 26.3.18—3.4.18.

Experiment 5.

—

Herbaceous-plant Paddock—
() 15 sheep from 19.3.18—24.3.18.

Tli is paddock had been halved
;
in one-half, Vangueria

pygmaea was abundant. All other plants were removed.

() 15 sheep were then placed in it and remained from 26.3.18
-28-3-10.

Result.—None of the sheep kept in the grass or herbaceous plant
paddocks contracted gousiekte subsequently. The disease was, how-
ever, noted amongst the controls.

Controls.—During the period 7.1.18 until 7.3.18, 31 sheep were
kept in hurdles alongside these two camps; of these, 22 sheep subse-

quently died of gousiekte. From 5.3.18~29.3.18, 44 sheep were kept

in hurdles; of these, four died subsequently from gousiekte.

C'onclusion.',-*—It is evident from the result noted in the controls

that during the first period the sheep were exposed in the herbaceous-

plant paddock the vegetation was toxic, but was less so during the last

period. It must also be remembered that in this year amongst the

controls running free in the veld, no more losses from gousiekte were
noted after 27.3.18. It is thus possible that the plants at the time

of the second experiment were no longer toxic. It is, however,

difficult to understand why no cases occurred in the first lot of sheep

exposed in the bosjes paddock, unless we accept the possibility that

Ihe exposure for only five days was not sufficient for .the sheep to eat

Ihe required quantity of plants, or, what amounts to the same, that

the plants were not present in sufficient numbers to cause the disease.
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Whilst thus the feeding- experiments did not settle the noint whether
Vangueria pygmaea is really the cause of the disease, the control

experiment, in which sheep were kept in hurdles and exposed along-

side the camped-i® area, established the fact that the toxicity of the

veld had considerably decreased at the end of March. This, we
explained elsewhere, was probably due to the effect of the frosts that

occurred early in March.
From the subsequent results obtained with Vanguevia pygmaea,

it is quite evident that no- g-ousiekte could be expected to occur in the

camp that contained only grasses. The experiments of this season

in no way indicated amongst which group of plants the cause had

to he looked for and decidedly did not point to Vangrieria pygmaea.

Season 1918-1919.

Experiment 6.
—“ -T ” Gracing Experiments.—The experiments

of the previous year were repeated on a larger scale. Groups of

40 sheep were allowed to graze in localized fenced-off areas. The
sheep were then returned to Onderstepoort for further observation.

The camp was moved with each group of sheep to an adjoining fresh

area.

The sheep were divided in lots and allotted as follows:—
(a) 10 sheep acted as controls, grazing in a section that con-

tained the full vegetation.

(b) 20 sheep were placed in a section that contained only
grasses.

(c) 10 sheep were placed in a section that contained only herbs.

The observations extended from 24.12.18 until 11.4.19, and nine

different lots of sheep were used (360 sheep).

Results .—These were disappointing. Deaths occurred in all three

sections, viz. 6.6 per cent, in No. 1, 3.7 per cent, in No. 2, and 2 pei

cent, in No. 3. In these instances the disease was diagnosed as

gousiekte. In view of what happened subsequently, this diagnosis

cannot be correct. The majority of deaths occurred in the sections

with full vegetation, the minority in the section containing herbs only.

Experiment 7.
—“ B ” Feeding Experiments.—During the same

season, Vanguevia pygmaea was fed to eleven different lots of sheep
between the 18.1.19 and 11.4.19, numbering 108 sheep. The plant
was supplied in large quantities and was readily eaten.

Two cases of gousiekte occurred after a latent period of 28 and 48
days respectively. From what we now know about the latent period
in this disease, there is some doubt as to the death of one sheep that
succumbed on the 28th day

;
this is the shortest period that has been

observed to elapse after exposure of sheep and deaths in a gousiekte
veld.

Experiment 8.

—

“C” Feeding in the Vangueria Camp.—Last
year’s camp was utilized for this purpose. Vangueria was plentiful.

Two lots of sheep were exposed: the first of 10 sheep from 1.12.18 to

7.1.19; the second lot from 6.3.19 to 12.3.19.
Result.—Of' the first lot, after 37 and 60 days respectively, two

died., and the disease was diagnosed as gousiekte. Of the second lot

none died. It is most likely that the diagnosis in these two instances
was correct.

Experiment 9.

—

“ T) ” Controls.—Of the control sheep grazing
around the Vangueria camp from 6.1.19 until 20.3.19, 18 sheep (36 per
cent.) had died from gousiekte.
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Conclusion.—The difference in the mortality between the sheep
running free in the veld and those closed up in paddocks, although
running in the same vegetation, finds its explanation, perhaps, in the
fact that the camped-in sheep were not exposed long enough. It is

remarkable that amongst 108 sheep fed on Vangueria pygmaea, only
two cases (one doubtful) occurred, although the plants had been sup-
plied in large quantities and were readily eaten. The experience
with the control sheep, of which only 30 per cent, died, would show
that during this season Vangueria did not possess full toxicity, and
accordingly in the short feeding periods the sheep would not obtain
sufficient toxic material although there were sufficient plants for
their maintenance.

Season 1919-1920.

The experiments of last year were repeated and new ones were
arranged as follows:-

—

Experiment 10.—Sheep to be kraaled at nig'ht and to be allowed
to graze on the veld during the day (Controls). Fifty sheep were
exposed on 11.12.19 and remained until 27. 4. 20.

Result.—Fifteen cases of gousiekte (30 per cent.) occurred in this

lot.

Experiment 11.—Sheep to be grazed in an enclosed area in which
all grasses are removed. Seven lots of 20 sheep each were exposed
from 11.12.19 to 27.4.20. Each lot of sheep was grazing for three
weeks, and was then returned to Onderstepoort.

Result.—No cases of gousiekte occurred.

Experiment 12.—Sheep to be grazed in an enclosed area that con-
tained only grasses. Seven lots of 20 sheep each were exposed from
11.12.19 to 27.4.20. Each lot was grazing for three weeks.

Result.—No cases of gousiekte occurred.

Experiment 13.—iSlieep to be grazed in an enclosed area of natural
veld. Seven lots of 20 sheep were exposed on dates commencing from
the 11.12.19.

Result.—One case of gousiekte occurred in the group of sheep
exposed from 12.2.19 to 2.3.20: the sheep died after a latent period
of 63 days.

Experiment 14.—Sheep to be grazed in an enclosed area of natural
vegetation, in which they remain during the whole season. Twenty
sheep were placed in a camp on 11.12.19 and remained there until

27.4.20.

Result.—Three cases of gousiekte occurred, the animals dying in

February and March.
Experiment 15.-—Sheep to be kept in a clean kraal and fed on the

vegetation cut from the area. Twenty sheep were fed in this way from
11.12.19 until 22.4.20.

Result.—No cases of gousiekte occurred.

Experiment 16.—Sheep fed on vegetation, except grasses, cut

daily and supplied fresh daily. Nineteen sheep were fed in two
batches from 28.1.20 to 27.4.20.

Result.—No cases of gousiekte occurred.
Experiment 17.—Sheep fed on grasses cut daily and supplied

fresh daily. Twenty sheep were fed in two batches from 28.1.20 to

27.4.20.

Result.—No cases of gousiekte occurred.
Experiment 18.—Sheep to be fed in the old Vangueria camp

(1917-18). Alongside of Vangueria, other herbaceous plants had
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appeared, which were left untouched. Five sheep were grazing in this

camp until all vegetation was eaten off. The sheep were exposed from

9.1.20 to 29.1.20 and were then returned to Onderstepoort.

Result .—One case of gousiekte occurred after a latent period of

28 days. It is somewhat doubtful whether this was a case of gousiekte.

The experiment was repeated from 23.2.20 to 31.3.20.

Result .—No cases of gousiekte occurred.

Experiment 19.—Feeding of sheep on Vangueria pygmaea by
supplying daily fresh material chopped up and mixed with bran. Five
sheep were fed in this way. The plant and bran were supplied ad lib.

Result .—One case of gousiekte occurred in this lot.

Conclusions .—The results of these experiments were most interest-

ing. They showed that sheep acting as controls and allowed to graze

all day long in veld known to cause gousiekte died to the extent of

30 per cent. (15 in 50). When the sheep were kept in an enclosed area

of the same veld, the mortality was 15 per cent. (3 in 20). The smaller

mortality was, perhaps, due to the smaller number of sheep exposed.

When the sheep were kept only for short periods in fenced-in areas,

the mortality was still less, 5 per cent. (1 in 20). In this case, the

very short exposure would reduce the chance of contracting the disease

still more.
Whilst thus under conditions of grazing the incidence of disease

was moderately high, no disease was observed when the vegetation was
partly removed (grass camp and herb camp). One case only occurred
amongst the sheep in a camp with full vegetation. No cases occurred
in sheep that were fed on grasses or herbaceous plants freshly cut and
daily supplied. The latter observation may be explained by assuming
that in cutting the vegetation the toxic plants were omitted. It is

difficult to understand that no disease was noted in the paddock
containing only herbs, unless it is accepted that the period of exposure
of the various lots of sheep was not long enough to enable the sheep
to pick up sufficient toxic material.

Experiment 20 .—Feeding experiments with Vangueria pygmaea
at the end' of the season .—The experiments of grazing sheep and of

feeding them in ihe paddocks gave no clue to the possible toxic plant.

The clue was taken from the observation made in the Vangueria camp,
in which one (doubtful) case (1 in 5 = 20 per cent.) occurred amongst
the sheep of the first lot, and from the feeding of chopped Vangueria,
in which also one case occurred (1 in 5 = 20 per cent.) in the first lot.

The following experiment was then undertaken.
An area on which Vangueria pygmaea was in abundance was

selected and fenced in, and all other vegetation was removed. Twenty-
five fresh sheep sent from Onderstepoort were exposed in this camp
from 22.3.20 until 17.4.20, or a period of 26 days.

Result .

—

Sheep 147 died 27.4.20 = 36 days after exposure, of gousiekte.

,, 9930 „ 2.5.20= 41 ,, ,, verminosis

,, 14251 ,, 4.5.20 = 43 ,, ,, gousiekte.

,, 14715 ,, 8.5.20 = 47

„ 13617 „ 9.5.20 = 48
) j * > y *

., 15104 ,, 10.5.20 = 49

,, 16283 ,, 10.5.20 = 49
,, 14461 „ 10.5.20 = 49
., 12796 „ 18.5.20 = 57

,, 14641 ,, 26.5.20= 65
> J ) • » )
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For post-mortem reports, except 9930 and 14461, vide Annelid ix

111, Nos. 1 to 8.

Conclusion.—Of the 25 sheep fed over a period of 26 days on
Vangueria pygmaea, 10 died. In 9 cases, the diagnosis of gousiekte
was made. All these deaths fell within the period typical for g’ousiekte

(36 to 65 days) as observed in the earlier experiments. The mortality
amounted to 36 per cent, of the sheep exposed.

This experiment can be considered to be the- first convincing proof
of the toxicity of Vangueria pygmaea.. It is of interest to note that

the positive results were obtained during the exposure period. 22.3.20
until 17.4.20. viz., late in the season.

Season 1920-1921.

The cause of gousiekte having been definitely established to be
due to eating of Vangueria pygmaea. it was decided to further test

the toxicity of the plant at different intervals during this season. For
this purpose, camps were utilized in which all plants except Vangueria
were removed,, and the sheep were kept, in these camps for a period of

fourteen days and then returned to Onderstepoort. where they were
kept under observation.

In addition, Vangueria leaves were collected and fed to the sheep.
A control experiment was to be carried out in Onderstepoort, where
sheep were to be fed with plants collected in Witfontein.

A. Feeding Experiments in Witfontein.

Experiment 21.—One lot of six sheep exposed from 30.11.20 until

15.12.20.

Result.—None- of the sheep died of gousiekte. One died on
2.12.20 of other causes (verminosis).

Experiment 22.—Lot of six sheep exposed from 14.12.20 until

30.12.20.
Result.—Four sheep died of this lot, viz., 2 of gousiekte *^vide

Appendix III, Nos. 9 and 10, Sheep 2302 and 2111), and two of inter-

current diseases (verminosis, cachexia, and pneumonia). The sheep
died of gousiekte on 25.1.21 and 28.1.21, or 42 and 45 days respec-

tively after feeding commenced.
'Experiment 23.— Lot of 10 sheep exposed 29’.12.20' until 11.1.21.

Result.—Five sheep died, viz., 2 of gousiekte (vide Appendix
III, Nos. 11! and 12', Sheep 2985, 2935), and three died of intercurrent

diseases [verminosis (vide Appendix III, Sheep 3069, No. 13),

cachexia, and pericarditis]. Gousiekte was noted 38 and 51 days after

feeding commenced. The dates of death were 5.2.21 and 18.2.21. and
14.2.21 in the case of Sheep 3059.

Experiment 24.—Lot of 10 sheep exposed 11.1.21 till 25.1.21.

Result .—One sheep died of gousiekte (vide Appendix III, No. 14,

Sheep 3142). Gousiekte was noted 53 days after commencement of

feeding. The sheep died on 5.3.21.

Experiment 25 .—Lot of 20 sheep exposed on 25.1.21 till 8.2.21.

Result .-—Two sheep died of gousiekte (vide. Appendix III, Nos. 15

and 16, Sheep 3092 and 3060) ;
five sheep died of intercurrent

diseases [verminosis in one case; tympany in a second case (vide

Appendix III, No. 17, Sheep 3214); whilst the remaining three died

in Witfontein before the time for the development of gousiekte was
up, and tlie cadavers were too decomposed for diagnosis.] Gousiekte
was noted 31 and 40 days after feeding commenced.
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The deaths from gousiekte occurred on 25.2.21 and (j.3.2J

.

Experiment 26.—Lot of 20 sheep exposed on 8.2.21 till 22.2.21.

Result.—Four sheep died of gousiekte (vide Appendix III. Nos.

18 to 21, Sheep 2968, 2971, 3107, 3196). Two sheep died of inter-

current diseases [one of cachexia in Witfontein (vide Appendix III,

No. 22, Sheep 3025)]. Gousiekte was noted 42, 44, and 53 days after

feeding commenced.
The deaths from gousiekte occurred 22. 3. 21, -24. 3. 21, and 2.4,21.

Experiment 27.—Lots of 20 sheep exposed on 23.2.21 till 9.3.21.

Result.—Seven sheep died of gousiekte (vide Appendix III, Nos.

23 to 30, Sheep 1466, 1491, 2167, 152, 2064, 1553, 3113). Four sheep

died of intercurrent diseases [two of gastro-enteritis haemorrhagica,

one of cachexia, and one of verminosis (see Appendix III, No. 30,

Sheep 2153)]. Gousiekte was noted after 36, 43, 43, 43, 44, 48, and 60
days. The deaths from gousiekte occurred on 30.3.21, 7.4.21 (three

cases), 8.4.21, 12.3.21, and two 24.4.21.

Experiment 28.—Lot of 20 sheep. Exposed 9.3.21 until 24.3.21.

Result.—Five sheep died of gousiekte (vide Appendix III, Nos.
31 to 35, Sheep 3367, 3027, 3366, 1511, 3372). Gousiekte was noted

42, 43, 45, 47, 52 days after feeding commenced. The deaths from
gousiekte occurred on 20.4.21, 21.4.21. 23.4.21, 25.4.21, 30.4.21.

B. Feeding Experiments in Qnderstepoart

.

The plant was collected daily and sent to the laboratory. Sheep
were fed in lots of five for a period of about fourteen days and then
kept under further observation. The feeding experiments were under-
taken as follows :

—
Experiment 29.—First lot, 1.12.20 to 14.12.20.

Result.—One sheep died on 18.1.21 from verminosis (vide Appen-
dix III, No. 36, Sheep 2924).

Experiment 30.—Second lot, 15.12.20 to 28.12.20.
Result

.

—One sheep died on 23.1.21 (39 days after commencement
of feeding) from gousiekte (vide Appendix III, No. 37, Sheep 2178).

Experiment 31.—Third lot, 28.12.20 to 11.1.21.

Result.—One sheep died on 17.2.21 (51 days after commencement,
of feeding) from gousiekte (vide Appendix III, No. 38, Sheep 2899).

Experiment 32.—Fourth lot, 11.1.21 to 25.1.21.

Result.—Three sheep died of gousiekte, viz., one on 4.3.21 (52
days)

;
one on 10.3.21 (58 days)

;
one on 14.3.21 (62 days)

;
one on

14.3.21 with complications of helminthiasis (63 days) (vide Appendix
III, Nos. 39 to 41, Sheep 3110, 3173 and 3137). One sheep died on
24.2.21 (44 days) from acute tympany (ride Appendix III, No. 42,

Sheep 3089).

Experiment 33.—Fifth lot, 25.1.21 to 7.2.21.

Result.—One sheep died of gousiekte. viz., oh 6.3.21 (40 days)
(vide Appendix III, No. 45, Sheep 1465).

Experiment 34.—Sixth lot, 8.2.21 to 21.2.21.
Result.—One sheep died of gousiekte on 27.3.21 (47 days) (vide

Appendix III, No. 44, Sheep 3082), and one died of broncho
pneumonia (24.3.21).

Experiment 35.—Seventh lot, 22.2.21 to 7.3.21.
Result.—One sheep died of gousiekte. viz., 14.4.21 (51 days) (ride

Appendix III, No. 45, Sheep 3189).



32

Experiment 36.—Eighth lot, 8.3.21 to 22.3.21.
Result.—One sheep died on 20.4.21 (43 days) of gousiekte {vide

Appendix III, No. 46, Sheep 9852).
Conclusion.—It will be noted that of the sheep in Experiments

21 and 29 fed in Witfontein and Onderstepoort, none died of gou-
siekte. We may, therefore, assume that the plant up to the middle of

December was not toxic. During the following month the plant was
toxic. There is a difference in the mortality in some of the lots fed
in Witfontein and Onderstepoort during the same period, the mortality
in both lots not being proportionate, and in the lots fed in Onderste-
poort unusually high. The smaller number of sheep utilized in this

place will partly account for this difference, but we also may assume
that it is partly due to a varying susceptibility of the animal to the
plant toxin.

It will be noted that the first death from gousiekte was noted
32 days after feeding commenced, and the last one after 64 days.

The total mortality during the season amounted to 26 per cent.

C. Experiments with Vangueria pygmaea collected in Witfontei
and fed in Onderstepoort.

The objects were to ascertain

—

(a) the minimal quantity of green leaves required to produce
gousiekte

;

(b) whether dried leaves will cause the disease

;

(c) whether leaves macerated in cold water will cause ihe

disease

;

(d) whether boiled leaves will cause the disease

;

(e) whether immature and mature fruit will cause the disease;

(/) whether a root extract of the plant will cause the disease.

Experiment 37.

—

Feeding of fresh leaves.—Two sheep received

respectively 4 oz. and 8 oz., three sheep received 2 lb., and six sheep

received 4 lb. each.

Result..—One sheep died on 24.4.21 of gousiekte. It had been

fed on 18.3.21 with 2 lb. of leaves. It thus died 37 days after the

feeding {vide Appendix III. No. 47, Sheep 1065).

Experiment 38.

—

Feeding with dried leaves.—Five sheep were
fed daily with 7 lb. of dried leaves of Vangueria pygmaea collected in

Witfontein in March, 1921, during the period from 6th June to 25th

June.
Result.—No deaths occurred.

Experiment^.—Drenching with macerated leaves .

—

(1) Four sheep were drenched with the liquid (100, 200, 400,

800 c.c. respectively). 100 c.c. corresponds to 4 oz.

(2) Four sheep received the residue of macerated leaves (4, 8,

16, 32 oz.).

Result .—No deaths occurred.

Experiment 40.—Drenching with extract of Vangueria leaves

obtained by boiling .

—

(1) Four sheep received the liquid (100, 200, 400, 800 c.c.

respectively). 100 c.c. corresponds to 4 oz.

(2) Four sheep received the residue (4, 8, 16, 32 oz.).

Result .—No deaths occurred.

Experiment 41.

—

Feeding of fruit of Vangueria pygmaea
(1) Small immature fruit.
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Two sheep received 4 lb., six sheep received 1 lb. each, one sheep

leceived If lb., one 2 lb., three 3 lb. each, and two 5 lb. each.

(2) Large immature fruit.

Two sheep received 4 lb. each, three sheep 1 lb. each, two sheep

5 lb. each.

(3) Mature fruit.

Two sheep received 4 lb. each, two sheep 1 lb. each, one sheep

]£ lb., tvTo sheep 3 lb. each, and two sheep 5 lb. each.

Result .—No mortality occurred.

Experiment 42 .—Drenching with extract of Vangueria pygmaea
root .—The extract was obtained by boiling the root. Four sheep were

drenched with the extract (200, 400, 600, 800 c.c.). 200 c.c. corre-

sponds to 4 oz. of root.

Result .—No mortality occurred.
Conclusion .—In all the feeding experiments, only one sheep died

of gousiekte, viz., one that had received 2 lb. of Vangueria leaves;

none of the sheep died that had received larger quantities. We may
consider this to be the minimal quantity required for a susceptible

sheep; the interval between feeding and death, i.e. 37 days, indicates

the latent period necessary for the evolution of the disease due to one
single feeding. In all other experiments, sheep were fed over various

periods, and the latent period varied from anything between 32 and
65 days. The period of 37 days is probably the usual period for the

evolution of the disease. Statistically calculated from a number of

observations, this period averaged 42 days. Concerning the toxicity

of the fruit, a conclusion is only so far justified that it has apparently
very little toxic effect, but to determine whether it is not toxic at all,

more extensive experiments would be necessary.

Season 1922.

The experiments of the last three seasons having undoubtedly
pitived that Vangueria pygmaea is the cause of gousiekte, it was
thought advisable to test the validity or otherwise of the opinion
held by the farmer that the toxicity of the plant varies with the nature
of the ground on which it grows. Reference to this opinion has been
made previously, when it was stated that only the plants grown on
red soil are said to be toxic. Further, according to the statement
by Mr. Strydom, the plants on the farm Olifantsfontein were not
toxic, he never having lost any sheep there from gousiekte, the soil

where the plant grew not being a red soil.

The experiments devised were carried out with plants collected on
red soil and black soil. In the former case, all plants were collected

from Witfontein, the soil there being a red loam; in the latter case,
the plants were collected in Olifantsfontein and in Witfontein.
Although the soil is described as black soil, it is not the soil usually
understood as such, viz., turf, but a loam or sand mixed with turf.

In Olifantsfontein, it is of the former composition; in Witfontein, of
the latter. The area in Olifantsfontein where the plants were col-

lected is situated on the sloping side of a low hill, and in Witfontein,
it is in the low-lying part skirting the red loam, where the water
remains stagnant for some time.

There is a decided difference in the frequency of the plant, and
also in the development of the plants themselves. On red soil, the
plant is abundant and generally of larger size and healthier appear-
ance and vigorous growth, forming thick clusters where it occurred.

9
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In the dark soil the plants are rarer, smaller, and of a rather poor
growth, although in parts adjoining the red soil, plants were found
as they were met with in the red soil. Their rooting system probably
extended into the red soil underneath.

Experiment 43.—Feeding of sheep on Yangueria pygmaea col-

lected on the farm Olifantsfontein (black soil).

Ten sheep were fed in Onderstepoort. Feeding commenced on
21.1.22 and was discontinued on 5.2.22. The total quantity of leaves

eaten amounted to 68 lb., or 6.8 lb. per sheep. The weight of the
ten sheep at the beginning was TOT lb., and at the conclusion of the
feeding T62 lb.

Result.—None of the sheep died.

Experiment 44.—Feeding of sheep on Vangueria pygmaea col-

lected on the farm Witfontein (black soil) .

-

Ten sheep were fed in Onderstepoort. Feeding commenced on
22.1.22 and was discontinued on 6.2.22. The total quantity of leaves

eaten amounted to 68 lb., or 6.8 lb. per sheep. The weight of the ten
sheep increased from TOO lb. at the commencement of the feeding to

T65 lb. at the conclusion.

Result.—One sheep (38T4) died of gousiekte on 2T.2.22 (34 days
after the first feeding). There was no doubt about the diagnosis of

this case, t lie microscopical examination showing myocarditis pro-

ductiva.
Experiment 45.—Feeding of sheep on Yangueria pygmaea col-

lected on the farm Witfontein (red soil).

Ten sheep were fed in Onderstepoort ; feeding commenced on
22.1.22 and was discontinued on 10.2.22. The total quantity of leaves

eaten amounted to 115 lb., or 11.5 lb. per sheep. The weight of the

ten sheep at the beginning was 6T5 lb.
; at the conclusion of feeding

it was T16 lb.

Result.—Five sheep of this lot died of gousiekte, viz., sheep 3064
on 6.3.22 (41 days); sheep 3832 on 3.3.22 (38 days); sheep 3861 on
23.3.22 (58 days); sheep 3911 on 14.3.22 (49 days); sheep 3985 on
2.3.22 (3T days).

Experiment 46.—Feeding of sheep as above. Ten sheep were fed.

Feeding commenced on 22.2.22 and lasted until 10.3.22. The total

quantity of leaves eaten was 194 lb., or 19.4 lb. per sheep. The weight
of the sheep at the beginning of feeding was 800 lb., and at the

conclusion T92 lb.

Result .—Four sheep died of gousiekte, viz., sheen 2843 on IT. 4. 22
153 days); sheep 390T on 8.4.22 (44 days); sheep 4003 on 30.3.22 (36

days); and sheep 436T on 10.4.22 (46 days).

Experiment 4T.—Feeding of sheep as above.—Three sheep were
fed. Feeding commenced on 31.3.22 and was discontinued on 19.4.22.

The total quantity of leaves eaten was 64 lb., or 211, lb. per sheep.

The weight of the sheep at the beginning was 160 lb., and the same
weight was found at the conclusion of the feeding.

Result.—All three sheep died of gousiekte, viz., sheep 3856 on
T.5.22 (3T days); sheep 3895 on T.5.22 (3T days); and sheep 4432 on

13.5.22 (43 days). •
-

Conclusion.—The experiments are perhaps not quite comparable
with each other, the sheep fed with plants from the black soil having
received less material than those fed -with plants from the red soil.

The conclusion that plants from the red soil are more toxic than those

of the black soil would not be fully justified.
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The observation made by the farmers might find an explanation

in the fact that, as mentioned above, on black soil the plants are

lews numerous, and accordingly sheep might not he able to pick up
the minimal quantity required. In a former experiment, the minimal
quantity of the plant grown on red soil was found to be 2 lb. and the

latent period 37 days. In the above experiment, it is shown that of

20 sheep fed with an average of G.8 lb. of plant grown on black soil,

only one died, and after a iatent period of about the same length (34

days). Taking these two facts into consideration, it would appear
that sheep require larger quantities of the plant grown on black soil

before a toxic effect is noted. Of the sheep fed with plants grown on

led soil, almost half the number died, from 36 to 38 days after feeding
commenced. This period corresponds to that observed when the

minimal quantity of 2 lb. was fed. It could then be interpreted that

the toxic effect dates back to the first feeding to them, and would
support the view that the plant grown on red soil is really more toxic.

Resume of Conclusion .—The experiments to prove that Vangucria

gyguinea (Schlecht) is the cause of gousiekte met with a considerable

amount of difficulty, but there can now be no doubt that this plant is

the cause of gousiekte. The toxicity is, however, a varying factor.

It varies in different years and even in one and the same year
;

it

depends upon the quantity of plants eaten as well as upon the
individual susceptibility of the sheep.

It further varies according to the locality where the plant has
grown. Climatic and meteorological conditions probably determine
in the last instance the toxicity, but so far we are not in the position
to determine them.

Experiments with Various Plants from a Gousiekte Veld.
A series of feeding experiments were undertaken with a number

of plants collected during the gousiekte season from gousiekte veld.

All gave negative results (vide Appendix IV).

PART V.

Pathological Anatomy.
As a rule, sheep that died of gousiekte were in good condition,

death occurring at a time of the year when the pasture was good.
Accordingly, the fat depots under skin, behind the peritoneal serosa,

and under the epicardium were generally well developed. Only where
other diseases were present, particularly those caused by nematodes
(haemonchus ancl oesophagostomum), loss of condition could be noted,

and usually at the same time general anaemia and hydraemia.
The visible mucous membranes of the head in some cases showed a

reddish or bluish colour. Occasionally, the vessels of the conjunctiva
and sklera were darker coloured, and the presence of cyanosis was
diagnosed

.

Mucus was sometimes found adhering to the nostrils, and in

some cases green ingesta that had escaped from the rumen after death.
The mucous membrane of the nose was also noted in some instances to

be of a deep colour.

Usually the abdomen was sunken; in some cases it was slightly
distended; in a few, tympany was present. The latter was noted in
cadavers of some sheep that had died suddenly, when the autopsy was
made soon after death. In most cases, however, tympany represented
a post-mortem change; when other lesions due to the same cause
were also found.
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Rigor mortis occurred in this disease. It was sometimes delayed,
and sometimes it passed over within a comparatively short time.
Death from gousiekte occurred at a time of the year when the climatic
conditions were favourable for rapid decomposition, which hastened
the solution of the rigor.

After removal of the skin, the subcutaneous tissue of the neck and
chest in some sheep appeared to be darker in colour than usual, due
to the presence of blood filling the veins and sometimes escaping on to

the surface whilst the skin was taken off. This escaping blood stained
(lie tissues of the neck in some cases quite conspicuously. This
phenomenon was known to the farmers who have experience with
the disease, and they attached much importance to it in their diagnosis
of gousiekte. The lymphatic glands in these regions (head, neck, and
lower cervicals) were, under these conditions, found to be much
enlarged and red, even dark, and on section a blood-stained liquid

escaped. The connective tissue in which they were situated, as well

as the subcutaneous tissue, appeared unusually moist.

The blood, as a rule, was abundant in the axillary vein; when
still liquid it stained deeply, when coagulated it formed dark and
fairly solid clots. In some cases, however, coagulation was not com-
plete; dark, semi-liquid blood escaped from the cut vessels. The
presence of dark blood in the subcutaneous tissue has already been
mentioned. It was sometimes fairly striking after the removal of the

skin, particularly in the region of the head and neck.

The musculature in most cases revealed no changes; occasionally

it had a darked appearance due to the presence of blood. The inter-

muscular tissue in some cases was moist
;
some clear liquid was present.

It was, however, met with in sheep that suffered from a more or less

distinct general hydraemia caused by parasitic infection, and, there-

fore, was not necessarily connected with the disease.

On opening the peritoneal cavity, in many cases the escape of

liquid attracted immediate attention. Such liquid was found to be
present in large quantities, amounting to several litres. It was clear,

transparent, of watery appearance and consistency.

The peritoneum in its parietal and visceral portion was smooth
and glistening. It was thus evident that the liquid was a transudate
and represented a typical ascites. Watery infiltrations were noted in

some instances in the omentum and in the mesentery, but here, again,

they also formed part of a general hydraemia more or less pronounced
in cases complicated with haemonchosis and oesophagostomiasis. There
were no changes in the situs viscerum. The diaphragm was generally

found with its convexity forwards. In a few cases, it could be found
bulging in parts into the peritoneal cavity. In these cases, an unusual
quantity of liquid in the pleiiral cavities was present.

In opening the pleural cavities, the presence of a greater or less

quantity of liquid could be noted. This quantity amounted in some
instances to several litres.

Invariably, both pleural sacs contained liquid. It had the same
qualities as that found in the peritoneal cavity. There did not seem to

he any regularity as to the occurrence of liquid in the two cavities

mentioned. Liquid could be noted to be present in both cavities in

the same sheep, or only in one
;

in some sheep it was present in about
identical amounts; in some the pleural sacs contained more, in others

the peritoneum.



37

The pleural lining of the ribs was always smooth and glistening.

There were found in some cases subpleural bloodspots of small dimen-

sions in the sulcus pulmonum and in the anterior septum mediastini.

The lungs as a rule were only slightly collapsed, filling the

greater part of the pleural cavity.

The pleura of the pericardium most often showed no alterations.

When liquid was present in the pleural cavities its surface had occa-

sionally a slightly gelatinous appearance.

The pericardial sac did not show any increase of liquid in pure

cases of gousiekte. The quantity present amounted to about 5 to

10 c.c. This was a normal occurrence. The liquid was clear. Even
in cases where much liquid was present either in the pleural or

abdominal cavities, or in both, no increase of liquid was found in the

pericardial sac. When an increase of liquid was noted, it was due

to other causes and usually formed part of the hydraemia, as it

occurred in haemonchosis and oesophagostomiasis. The pericardium
had sometimes, however, a distended appearance, due to the distention

of the heart in extreme diastole when it filled the sac.

The heart was the organ that in most cases showed the greatest

alterations. It was conspicuous by its unusual size, its circumference
and its length reaching abnormal dimensions. Both ventricles and
the atria were much distended and filled with blood. This was par-

ticularly the case with the left ventricle, which was sometimes
uncommonly distended with blood, which, when coagulated, formed a

solid, larg'e clot. Large coagula could then be removed from the
ventricles, the atria, the pulmonary veins, and the two vena cava.

The walls of the myocardium in well-distended ventricles were
unusually thin, the left wall was sometimes even thinner than the
l ight one, and measuring only a few millimetres. Its consistency was
decidedly firm, firmer than usual, and its colour varied from a light

grey to a light pink.
In less pronounced cases, both ventricles were still distended, but

the wall of the left ventricle was then less reduced in size and its

colour appeared to have a somewhat faded appearance. There w7ere a

tew cases of gousiekte in which but little distension was noted in the
left ventricle; diastole of the right ventricle was, however, noted.
In these cases, nevertheless, the typical alterations, presently to be
described, were present in the myocardium.

Both arteiial and atrio-ventricular valves showed no changes.
The endocardium appeared smooth, the trabeculae corneae and

the musculi papillares had sometimes a flattened appearance. Eccliy-
moses were found in a few' cases only in the epicardium or endo-
cardium. The injection of blood-vessels in the epicardium was in some
cases, how'ever, quite conspicuous and was interpreted as a stasis.

Myocardium .—Characteristic changes were found on microscopic
examination of the heart-muscle. On low magnification, a section
through the myocardium had a patchy appearance due to the presence
of connective tissue that occupied the place of the muscular fibres

or was irregularly mingled with the fibres. This tissue was in some
instances more fibroblastic, in others more fibrillar; a mixture of both
was also noted. The fibroblastic tissue was rich in nuclei, and the
outline of spindle-shaped cells could easily be recognized. The
fibrillar tissue was comparatively poor in nuclei, and the outlines of

cells could not be recognized. In the fibroblastic tissue round cells

were also present and sometimes in great numbers. These cells were
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of tlie lymphocytic type or of the large mononuclear type. Similar
cells were usually also common where fibroblasts were appearing.
Also the fibrillar patches sometimes contained lymphocytes, but to a

much lesser extent.

Round cells were in some cases very conspicuous and more
abundant than the fibroblasts. They were forming clusters between
the muscular fibres, causing the latter to disappear or extending
between them for some distance, filling in the interstitial spaces. They
were particularly numerous along the blood-vessels.

It appeared that the round cell infiltration was the first change
that could be found in the heart, and the presence of large mononuclear
cells in the absence of fibroblasts and fibrillar connective tissue was
interpreted as a more recent stage and of an acute or subacute nature.

Stasis was microscopically very conspicuous in the myocardium of

quite a number of sheep. Both small vessels and capillaries were
distended with blood; in the capillaries the red corpuscles were
arranged in double, triple, and multiple file and closely packed.
Occasionally the red corpuscles were also found outside the vessels or

capillaries. In a number of cases, a distinct oedema of the myocar-
dium could be recognized, the perimysial spaces and also the interstices

between the muscular fibres contained a homogenous substance in

which a few red corpuscles and an occasional white one were present.

In such cases, stasis in the epicardium and also in the endocardium
could be detected by naked eye.

Fatty degeneration was noted microscopically in quite a number
of cases affecting the myocardium and in sheep that died after

a short latent period as well as after a long one. It was thought
at one time that fatty degeneration of the heart-muscle was a primary
lesion, but this did not always seem to be the case. In some instances,

the fatty degeneration involved small parts of the muscle
;

in others,

larger portions were affected. In some cases, fatty degeneration
seemed not to be connected with the chronic myocarditis which was
present at the same time, inasmuch as fibres were affected that were
distant from the cicatricial patches. In other cases, fatty fibres were
surrounded by the connective tissue.

Atrophy of the muscular fibres was present in most cases where
the cicatricial tissue occupied a larger space. Some of the fibres were
broken in one or more places, some were tapering out in. their ends,

some were splitting into fibrils. These were the same fibres that
frequently showed more or less advanced fatty degeneration.

Lipofuscin was noted at both nuclear poles of the atrophied
muscular fibre and throughout the whole heart.

The presence of Sarcosporidia was recorded in almost every sheep.
It was of no further interest, since Sarcosporidia were found in almost
all South African sheep, as has already been demonstrated by various
authors.

Thoracic Cavity and Lungs .—Attention to the presence of a hydro-
thorax has already been drawn; it was recorded in a number of cases
and the amount of liquid varied. A condition only associated with the
hydrothorax was the atelectatic lung, which affected the cardial portion
of the lungs on both sides. The diseased parts were fairly solid ;

they
were marked off from the healthy part by a distinct recess, the affected
lobe being below the surface of the healthy one. On cutting, the tissue

showed a somewhat flesh-like consistence, the cut surface showed
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pinkish areas in a whitish or pinkish network, the former correspond-

ing' to the collapsed alveolar tissue, the latter to the thickened or

infiltrated lobular septa. Liquid escaped freely, and mucus and froth

exuded from the cut bronchi.

In most cases the lungs were not collapsed, and on pressure elastic.

Hyperaemia was present, blood oozing freely from the cut surface, and
iiie tissue had a dark red colour. Oedema was recorded in other cases,

liquid escaping freely from the alveoli and the bronchi. Froth was
found in the bronchi, trachea, and sometimes in the larynx.

Liver .—Stasis of the liver was diagnosed in the majority of

instances, the organ showing a slight increase in size and having
rounded edges; in colour it was somewhat darker, and on section

blood was escaping freely. On examination of the lobuli, distention

of the central veins and adjacent capillaries was sometimes well

marked. In a number of instances, the stasis was of some standing.
Id ieroscopic examination showed that the liver-cells were reduced in

size and stained differently, i.e. lighter, small vacuoles being present

in the eytoplasma (fatty degeneration), whilst the nuclei showed loss of

chromatin (Karyolysis), or were even broken up into small particles

(Karyorrhexis).
Fatty degeneration was a frequent occurrence, but it was never

iff a great extent, and in most instances it was limited to the centre of

the lobuli, and then always in company with stasis. Fatty degenera-
tion of the intermediate and peripheral portions was also seen. Some-
limes the fat was distributed over a number of cells and irregularly

distributed throughout the lobule. The fat globules were of different

size, mostly small when found in the central portions and larger when
in the periphery or distributed in the lobuli, and particularly when
there was an irregular distribution through a number of acini. A
degenerative alteration, described as vacuolar degeneration, not com-
monly met with by us in liver-cells, was found in a few instances only.
The cells showed vacuoles both in Haematoxylin-Eosin as well as in

Sudan-stained sections; accordingly, the vacuoles could not have been
fat globules from which the fat was extracted. The distribution of

these vacuoles was throughout the whole acinus.

The presence of pigunent was quite conspicuous in a number of

livers. This pigmentation was thought to belong to the Lipofuscin

;

it stained differently with Sudan than with Haematoxylin-Eosin and
slightly took the Sudan stain. It was noted in liver-cells surrounding
the central vein, in the endothelial cells of the capillaries between the

liver-cell trabeculae, and also in connective tissue cells of the septa.

Many of these cells showed an increase in size. Single pigmented
cells were rarely found, more frequently a number of them formed
clusters, and the cells being crammed with the pigment, stood out
conspicuously.

Stasis and pigmentation, fatty degeneration, and pigmentation or
all three alterations were occasionally present in the same acinus.
The pigment, however, was not specific for this disease, and was found
in sheep that died of other causes.

The presence of cirrhosis was diagnosed in a few cases only; it

was very marked. It was thought that it was connected with the cause
of gousiekte similar to the alteration found in the heart.

Spleen .—Enlargement of the spleen was present in most sheep.
The tumor never reached a large size. The pulp was dark in colour
and increased in quantity, but it rarely obscured the trabeculae or the
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follicles, and the cut surface had generally a smooth appearance. In
most instances, the consistency of the organ was rather firm.

On microscopic examination, an increase of hlood in the sinuses

was noticeable, and in a number of cases pigment was present in fair

quantities. This pigment was of a brownish colour and formed
granules of irregular shape. It was diagnosed as Haemosiderin. The
presence of fat globules in the germinative centres of some follicles

was also noted in Sudan-stained section, and in Haematoxylin-Eosin
section

;
the germinative centres then showed a greater transparency,

and chromatin particles were seen to be distributed amongst normal
cells (Karyorrhexis).

The trabecular network in the pulp was in a number of cases quite
evident, particularly in the Haematoxylin-Eosin stained, when a

lacework of pink bands was noticeable.

Atrophy of the lymph follicles was recorded in a few cases.

Kidney .—A fairly common finding in the kidneys was the

presence of much hlood, giving the organ a rather dark colour. This
phenomenon was interpreted as a stasis. The microscopical examina-
tion revealed the engorgement of the interlobular vessels and capil-

laries and also of the glomeruli. Cloudy swelling was diagnosed in

several cases from the observation that the epithelial cells of the
tubuli contorti so encroached on the lumen of the tubules that the latter

became obliterated. Sometimes the nuclei of these cells had a pycnotic
appearance or had completely vanished. This condition was
interpreted not as a result of cloudy swelling but of autolysis, since

practically the epithelial lining of the whole cortex was so affected.

The presence of fat in the epithelial lining of the tubuli contorti and
of Henle’s loops was not an uncommon occurrence; the fat globules

were rarely, however, of larger size, mostly consisting of fine granules.

Hyaline contents in the lumen of some tubules that took the Eosin
stain were diagnosed as albuminous cylinders. They were noted in a

few cases only.

In a number of sheep the presence of a chronic nephritis inter-

stitialis wTas recorded. Hound cells or fibroblasts, or both, and some-
times a fibrillar connective tissue, occupied the intertubular spaces

both of cortex and intermediary zone to a lesser or greater extent.

It was thought to be most likely that this chronic process represented

part of the pathological lesions caused by Yangueria poisoning. It

could be explained as an analogous lesion to that found in the heart

and in the liver.

Intestines .—A good number of sheep showed lesions in the gastro-

intestinal tract. The fore stomachs were practically in all cases

unchanged. The presence of tympany w’as recorded and wTas the

possible cause of death in one animal. In other instances it was a

post-mortem change. Gastritis catarrhalis and haemorrhagica were
diagnosed, the former more oftener than the latter. Similarly,
enteritis catarrhalis and haemorrhagica were also recorded ;

the

catarrh rarely affected the whole intestinal tract, more oftener only
certain portions. It was somewhat difficult or impossible to explain
the alterations in the intestines to be those of gousiekte, as undoubtedly
in the majority of cases the presence of nematodes, such as tricbo-

strongylus haemonchus, and oesophagostomum, accounted for fhe

lesions. This was particularly the case with the oesophagostonmm,
the larvae of which were responsible for the nodular condition in

the large intestines diagnosed as Helminthiasis nodularis.
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The presence of an anaemic and liydraemic state in a few animals

had to be explained by the presence of these parasites. Degenerative

processes present in the liver and kidney might have been accentuated

by them as well or even caused by them, since fatty degeneration was
not rarely found in sheep suffering from helminthic infections. The
piesence of other parasites, such as Cysticercus tenuicollis in the

abdomen, C. echinococcus in lungs, liver, and heart, was noted in a

few cases, since they were of more or less accidental occurrence, they

could not be brought into relation with gousiekte.

PART VI.

Symptomatolog y.

The term “ gousiekte ” indicates a rapid course of the disease

with a fatal ending. Indeed, to emphasize the often unusually rapid

course, the term “ gou-gou ”
is sometimes used. It would thus appear

ihat the farmer, who in the first instance is responsible for naming the

disease, recognized it only by its unusual quick course and fatal issue.

But, considering all the facts we now know about this disease, the

term “ gou ” is not meant to indicate a rapid course of the disease

itself, but an almost sudden e.ritus lethalis. Nevertheless, in a great
number of cases, the rapid course of the disease, once it has developed
fully, is characteristic; for the remainder, a definite syndrome can
be recognized, which is more or less pathognomic, showing a relatively

slow and in a fewr instances even protracted course before the sudden
issue occurs. Whilst recoveries are very rarely seen, a few have been
observed by us in a flock that had been exposed to a gousiekte veld.

Walker, who described the disease from his own personal
observations, has not seen any recoveries. All sheep he picked
out as ill subsequently died. He speaks of peracute, acute, and
subacute cases. Walker was in the position to observe the sheep daily
before they left the kraal and after they returned front pasture. Of
50 sheep that died of gousiekte, he found that 24 per cent, died
suddenly or were found dead in the kraal; 10 per cent, lived a few
hours to half a day.

4 per cent.

10 per cent.

6 per cent.

2 per cent.

8 per cent.

2 per cent.

2 per cent.

2 per cent.

6 per cent.

2 per cent.

A grouping into acute and sub
but for the sake of comparisons w

14 per cent, lived one day.

8 per cent. ,, for two days.

three days,
five days,
six days,
seven days,
eight days,
nine days,
eleven days,
twelve days,
thirteen days,
eighteen days,

acute cases is somewhat arbitrary,
itli .our own observations, may be

attempted in the following manner:—

-

(a) Sheep that were ill for less than one day = 34 per cent.
This includes all the sudden deaths (peracute cases).

(5) Sheep that lived from one to eight days = 52 per cent. This
includes the acute cases.

(c) Sheep that lived longer than eight days = 14 per cent. . This
includes the subacute cases.
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Some analogous observations were made with sheep in Onderste-
poort which had been exposed to gousiekte veld in Kaalfontein for

52 days, and after the outbreak of the disease had been transferred to

the laboratory. These sheep were kept in an enclosure and were
examined every morning. Those that appeared ill were picked out and
placed in a stable. During this period (19 sheep died and 10 recovered,

bringing the total to 79 cases.

The detailed observations were as follows:—

Died suddenly
Sheep.

42
Per cent

53.18
Lived a few hours 3 — 3.79

,, one day 6 = 7.59

,, two days 5 6.32

,, three days 4 = 5.00
five days 1 1.2G

,, six days 2 = 2.52

,, seven days T = 1.26

,, eight days 1 = 1.26

,, ten days 1 1.26

,, twelve days l = 1.26

,, nineteen days 1 = 1.26

,, twenty-eight days 1 = 1.26

Recovered 10 = 12.80

Arranging these figures into the three

died of

—

(a) Peracute gousiekte
(l>) Acute gousiekte ...

(c) Subacute gousiekte

groups, we find that there

Per cent.

57
25
18

HR)

There is a discrepancy between Walker’s figures and ours, the

mortality in our observations being most numerous amongst the

peracute cases, and less amongst the acute ones, and there being some
recoveries. This discrepancy may, perhaps, be explained by the
manner the sheep were treated in the two different places. Walker’s
sheep were kraaled only at night and were grazing during the day.
Once our sheep were in Onderstepoort they were kraaled day and
night. It is possible that the daily walking had an extra effort for

the heart and accentuated the symptoms, so that the sick sheep could
be picked out after the return from pasture.

The constantly kraaled sheep of Onderstepoort had no exercise,

and accordingly their hearts suffered less strain, and symptoms
did not show up as well. In support of this view would also be the

fact that under the conditions Walker’s sheep were kept, none
recovered, all those that eventually developed outward symptoms died;

whilst amongst ours, we had a few that recovered, recoveries being
possible because the sick sheep were not walked.

In Walker’s observations, the average duration of the acute

disease was 32 days, in ours 27 days; in the subacute cases it was
12.9 days in Walker’s case and 10 days in ours. If we would include

in the latter group all the cases that recovered, the average period

would probably be longer. It was, however, impossible to give an
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accurate date from which a sheep could be considered to have

recovered.

From tlie dates collected, it is evident that the greatest mortality

takes place either suddenly, as peracute cases, or during the first few

days of acute illness.

Peracute eases .—No symptoms are noted in the peracute cases,

as practically no warning is given. The sheep are found dead in the

kraal
;

they die suddenly when let out of the kraal, when walking to

the pasture, or whilst grazing.

Sudden deaths are particularly noted when the sheep are chased,

particularly when attempts are made to catch one or the other in

the kraal or the enclosure. We were informed by a farmer, who was

born and lived all his life in a gousiekte area, that in the very early

days one of the older generation of Boer farmer, before suspecting

the gousiektebosje as the cause of the disease, had the idea of chasing

off the evil spirit that killed the sheep by suddenly shooting volleys

during the night over the sheep that lested in the veld, aiwl that,

in the course of the following excitement of the flock, the sudden
deaths that occurred were alarming. It appears that any sudden
strain on the heart may cause its failure.

Sheep that die may be seen to collapse suddenly and when on the

ground to struggle a few seconds before expiring. Some sheep are

seen circling around for a moment, or to suddenly leap into the air,

and then drop down dead. In practically all cases death is preceded

by but little agony, death being almost instantaneous.

As already mentioned, this sudden death is not found exclusively

in peracute cases, but also in acute and subacute cases, in which
previously symptoms of gousiekte have been noted. It sometimes has

happened that such sheep, when caugdit for closer clinical examina-
tion, collapsed during the act of catching or immediately afterwards.

Acute and Subacute Course .—There is but little difference shown
in the symptoms of sheep suffering from acute and subacute
gousiekte, except one of degree, they being more marked in the acute
and less so in the subacute cases. In the latter, they are in some sheep
so little marked that only continued and close observation will reveal

the presence of the illness. Generally speaking, sheep that are very
ill can be picked out of a flock. When leaving the kraal or returning
to it, these sheep remain in the kraal or in the pasture; they lag
behind the travelling flock and can be found scattered in the trail of

tli e herd. The ill sheep are either found standing by themselves or

lying down and are noticed to stretch the head and neck. In the
standing sheep, the head is frequently in a straight line with the

neck, carried level with or more frequently obliquely to the horizontal

line of the sheep’s body. The ears are drooping'. When lying down,
the sheep but rarely bend the head back on the flank, as may be seen

in other diseases; they lie with head and neck stretched out on the
ground. Such sheep when approached rarely stand up and move away,
as the healthy sheep usually do, or if they do, then only for a short
distance, when again they stand still or lie down.

When an attempt is made to catch sheep that show symptoms,
sheep that are still standing or moving about, they most frequently
lun away, and in doing so exhaust themselves to such an extent that
they sometimes start staggering, fall down, and lie prostrate on the
ground, showing alarming symptoms of distress: panting, with tongue
hanging out of the mouth, and paroxysms of coughing occurring at
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times. Identical symptoms are also observed sometimes in sheep
that return from the pasture. Sheep that are ill look empty in their

flanks, refuse to feed, and do not ruminate.
The most striking symptom in a sick sheep is the accelerated

breathing; the frequency of respiration varies in different animals
and sometimes passes 100 per minute. When it is very fast, the
movements at the same time are superficial and shallow

;
where it is

slower, the movements are deeper and longer; usually a short

inspiration is followed by a longer expiration, the latter consisting
of a double movement both of ribs and abdominal wall. In the latter

instance, the respiration may be called to be pumping or jerky. The
whole body in some sheep and at some times is involved in the move-
ments, the tail rising and falling, the head nodding with the forward
and backward rocking of the body.

The nostrils are also seen in activity and distended with every
inspiration. This movement is quite distinct in the less hurried and
deep respiration, but indistinct in shallow respiration, when move-
ments lake place both with the inspiration and expiration. Sometimes
the nostrils are kept distended all the time.

A noise is noted almost in all sick sheep to accompany the respira-

tion. In most cases this noise is but slight and heard only when
approaching the head; frequently it is quite distinct and heard at a

distance. It is present both in the inspiration and expiration, louder
in the former, resembling a grunt or moan, and short and accentuated
in the latter.

Walker analysed his fifty .cases Jtrorn the point of view of

accelerated respiration, and in his acute and subacute cases he only
found three in which dyspnoea wTas absent. In those cases, the
animals previous to death showed only dullness.

Mucous discharge is seen in the nostrils of some sheep; in such
cases moist rales are heard in the trachea and the lungs; frequently,

also, rales and crepitition is present in sheep that have no discharge
from the nostrils.

As already stated in subacute cases, the symptoms are not so

marked and only noted when the sheep have been moved about before
examining.

Sheep that recovered had shown in some cases most alarming
symptoms; they looked empty and refused to feed, standing in the

loose-box with hanging head and drooping ears and rapid respirations.

These symptoms seem to reach an acme from whence they subside;

the respiration slows dowrn and the sheep again commence to feed.

In some sheep already in the course of less than a week an improve-
ment was noted. All sheep that had been picked out as ill on 17th

March, and subsequent days, appeared to be doing well on 4th April
when examined in their box.

Temperature .—Gousiekte is a non-febrile disease. The curves
constructed from the daily records of a number of sheep that suc-

cumbed from acute or subacute gousiekte, and of the sheep that

recovered, did not show7 anything that could be interpreted to be a

typical fever reaction. In the majority of cases, the records kept

within normal limits. Of eleven sheep that were kept under observa-

tion from 5 to 15 days, the maximum in the morning reached 140°

in three sheep only, and this only on one or two days. It is needless

to emphasize that these records are within normal limits. Two sheep

that w7ere kept under observation for 13 and 15 days respectively
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showed on one or two occasions exacerbations passing 104° F., but

never reaching 105° F. Also, this observation can be considered to

be nothing unusual and to still fall within the normal limits.

In four cases the exacerbations reached 105° F. In one of the

four cases that concluded with death, the exacerbation occurred on

several days, and the resulting curve took an irregular form, so that

some other intercurrent disease was suspected.

In three cases, one of which concluded with death, the maximum
of 105° F. was reached onge, the curve gradually ascended to this

acme and descended subsequently. This curve accordingly would

appear to have some regularity about it, but since it was only noted

in three out of IT cases, it should be looked upon to be in the nature

of a coincidence.

In the discussion of the temperature of sheep, it should be men-
tioned that high records are frequently obtained when the thermometer
is applied to an animal after it had been chased about and, conse-

quently, is much excited, or in animals that have been exposed to a

broiling sun. In such cases, it is advisable to keep the sheep quiet

for a while; if possible, to place them in the shade and then to take

the temperature. A high temperature recorded can only then be

called to be that of a fever, when in the course of the next few minutes
it does not subside.

PART VII.

Pathogenesis oe Gousiekte.

The toxin contained in Vangueria pygmaea is as yet not known.
It appears to act mainly on the heart. What we recognize in the

greatest number of cases is a dilatation of the ventricles. Microscopical
examination shows the presence of a productive myocarditis, which,
in well developed cases, assumes the form of a scar formation. This
may be considered to be the final issue of the pathological process.

The scar tissue replaces the muscular fibres. When this stage is

leached, there is apparently no opportunity left for a compensatory
hypertrophy of the heart-muscle. The connective tissue not being
elastic gradually distends under the influence of the heart activity,

and the dilatation of the ventricle is a sequel. This distension is more
pronounced in the left than in the right ventricle, the former stand-

ing under a higher blood pressure.

The scar tissue is not present in all cases, or then only in a

limited distribution. In such cases, the connective tissue is a young
one and consists mainly of fibroblasts and of round cells, the latter

frequently of a large mononuclear type. Also, in these instances, we
find dilatation of the ventricles, but it may be less pronounced, and the
walls may still be of considerable thickness. It is likely that, under
these conditions, the dilatation of the heart is frequently an acute one,
the muscle giving way to the sudden increase of blood pressure, when,
for one reason or another, a greater and stronger activity of the heart
is required. Finally, there are a few instances in which the dilatation
of the ventricles is but very little marked and the thickness of the
walls has not suffered at all or only inconsiderably. In these cells,

we find microscopically only cellular infiltration. The cells are round
cells and most frequently of a large mononuclear type. They usually
form clusters. They may also be found in the interstitial spaces. The
clusters are in some cases found to be situated in a space previously
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occupied by muscular tissue. These cases are considered to be the
earliest lesiolis and to represent the more acute changes that subse-
quently go over into formation of fibroblastic and fibrillar connective
tissue.

Fatty degeneration lias not been found in all cases, and, where
it was present, it did not always stand in any definite relation to the
processes described. It was found in young and old cases, and
perhaps more prominent in the latter than in the former. We accord-
ingly consider fatty degeneration to .some extent as a sequel of the
myocarditis, but it may also be a precursor of the acute alterations,

and possibly a result of direct injury by the toxin on the muscle
fibres. Indeed, in some instances, we noted that the muscular fibres

which were included in clusters formed by the large mononuclear cells

showed distinct fatty degeneration and disintegration. The toxin
apparently acts also on the interstitial tissue, giving rise to a prolifera-

tion of the already mentioned large mononuclear cells and also the
smaller new cells and fibroblasts. The expansion of the inflammatory
process and its subsequent organization into scar tissue causes atrophy
of the muscular elements and all the sequelae described. As soon as

tiie heart action becomes impaired, occasion is given to subsequent
changes throughout the whole system. Amongst these are stasis in

the heart-muscle, atelectasis, hydrothorax, ascites, stasis in liver,

and fatty degeneration, stasis in spleen, hypertrophy of the reticulum,
and occasionally fatty degeneration of' follicles, stasis in the intestinal

tracts, stasis and oedema in subcutaneous tissue and of the lymph-
nodes, stasis in kidney, cloudy and fatty degeneration, oedema and
emphysema of the lungs. These lesions vary in the different sheep;
they may all be present in the same animal or are only found in some
of the organs.

Although in the greater number of cases, death supervened within
a certain time limit after the toxin had been ingested, a number of

cases were observed to recover. Clinically, they all showed the typical

symptoms, and it must be assumed that identical lesions were present

as described above. Recovery, however, took place after a lelatively

short time, and some difficulty arose to explain it. A restoration and
integrum was obviously out of the question, and we could only think
of a hypertrophy of the remaining muscular tissue. We were not
able to verify this conclusion.

We h ave quoted the fact that cases of gousiekte occurred a long
time after the sheep were removed from the toxic pasture. The latent

period was calculated to average about 37 days; a sheep that only

received one feed of the plant died after this period. From this, it

would appear that the toxin once taken up in sufficient quantity
becomes fixed in the body, probably in the tissue, where it causes all

the damage and subsequently slowly gives rise to the inflammatory
processes. In this respect, it resembles somewhat the diphtheria toxin

and the toxins of infectious diseases which also act on the heart and
cause similar lesions long after the patient has recovered from the

acute attack of the disease.

So far, we have spoken only of the primary lesions in the heart-

muscle. In a number of cases we have described productive processes

in the kidneys, consisting mainly in round cells, infiltration, and
formation of fibroblastic tissue. We are not inclined to interpret

these lesions as an accidental finding, but consider them to stand in

some relation to the toxin itself.
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The same may be said about similar conditions met with in the

liver.

Gousiekte is thus a toxicosis. The heart is the main seat of the

lesion, but other organs may also be directly injured by the toxin.

We propose to call the disease Vangueriosn avium.

Prevention and Therapy.

The cause of gousiekte being known, the method for prevention

of the disease is obvious. This prevention has been exercised by
experienced farmers. Nevertheless, conditions sometimes arise which
force a farmer to make use of gousiekte veld or herds are accidentally

exposed, as happeued in the case of Mr. Strydom. Some farmers

venture to use gousiekte veld in the hope that the disease may not

occur, knowing by experience that the veld is not always poisonous.

It is under such conditions that help is asked for. To prevent further

losses, only one way is open, viz., the removal of the hock to a healthy
veid, and in order to save some of the affected sheep, it will be advis-

able to do this as carefully as possible, and subsequently to keep the

sheep as quiet and unmolested as possible, when some sheep will find

a chance for recovery, as was the case with some of ours.

The eradication of the disease lies, of course, in the eradication

of the plant. This task is wellnigh an impossible one. Vangueria
puymaea is not a herb, but a sutfrutescent plant having a large under-
ground system of stems that penetrate deep into the soil and spread
into the circumference. The flowers and herbs that occur on the
surface sit on the branches of this underground shrub, and the circum-
ference of a cluster of leaves on the surface indicates the distribution
of the branches beneath the surface.

Farmers wish to have a remedy that, when applied to sheep that
have been exposed to gousiekte veld, would render the toxin inert.

Since we do not as yet know the nature of the toxin, no final opinion
can be expressed as to the possibility of such a proposition. Judging,
however, from the action of some drugs, we know that when once
they are fixed on fhe tissue they can no longer be removed. Thus
little prospect would appear to exist that an antidote will be found.

APPENDIX 1.

Rkcord of curtain sheep that contracted Gousiekte in 1916 after crazing on
Gousiekte veld, with particular reference to the length of the
illness.

1. Sheep 8270 was running from 18.1.16 until 10.3.16 over a period of 52
days. It died on 26.3.16, 68 days after exposure to gousiekte veld and 16 days
after leaving it. It was picked out as ill on 21.3.16, and died on 26.3.16, or after
an illness of 5 (lays.

2. Sheep 8782 was running from 18.1.16 until 10.3.16 over a period of 52
days. It. died on 23.3.16, or 65 days after exposure to gousiekte veld and 13
days after leaving it. It was picked out as ill on 17.3.16, and died on 23.3.16
or after an illness of G days.

3. Sheep 4844 was running from 18.1.16 until 10.3.16 over a period of 52
days. It died on 23.3.16, or 63 days after exposure and 13 dais after return.
It was picked out as ill on 17.3.16, and died 23.3.16, or after an illness of G days.

4. Sheep 8585 was running from 18.1.16 until 10.3.16 over a period of 52
days. It died on 27.3.16, or 69 days after the exposure and 17 days after
leaving it. It was picked out as ill on 20.3.16, and died on 27.3.16, or after
an illness of 7 days.
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5. Sheep 8547 was running from 18.1.16 until 10.3.16 over a period of 52
days. It died on 28.3.16, or 70 days after exposure and 18 days after return.
It was picked out as ill on 20.3.16, and died on 28.3.16, or after an illness of 8
days.

6. Sheep 7795 was running from 18.1.16 until 4.3.16 over a period of 46
days. It died on 28.3.16, or 70 days after exposure and 24 days after return.
It was picked out as ill on 17.3.16, and died on 28.3.16, or after an illness of

11 days.
7. Sheep 8572 was running from 18.1.16 until 10.3.16 over a period of 52

days. It died on 3.4.16, or 76 days after exposure and 24 days after return.
It was picked out as ill on 22.3.16, and died on 3.4.16, or after an illness of
12 days.

8. Sheep 8539 was running from 18.1.16 until 10.3.16 over a period of 52
days. It died on 9.4.16, or 82 days after exposure and 30 days after return.
It was picked out as ill on 21.3.16, and died on 9.4.16, or after an illness of
10 days.

9. Sheep 8371 was running from 18.1.16 until 10.3.16 over a period of 52
days. It died on 19.4.16, or 92 days after exposure and 40 days after return.
It was picked out as ill on 22.3.16, and died on 19.4.16 after an illness of
2S da ys.

10. Sheep 6865 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 26.3.16 it was noted ill and kept under observation, the tempera-
ture being registered from then until 6.4.16 over a period of 11 days. The
sheep was still alive in September, 1916.

11. Sheep 8557 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 24.3.16 it was noted ill and kept under observation, the tempera-
ture being registered from then until 6.4.16 over a period of 13 days. The sheep
was still alive in September, 1916.

12.

Sheep 8765 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 24.3.16 it was noted ill and kept under observation, the tempera-
ture being registered from then until 6.4.16, over a period of 13 days. The
sheep was still alive in September, 1916.

13. Sheep 8208 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 22.3.16 it was noted ill and kept under observation, the tempera-
ture being registered from then until 6.4.16, over a period of 15 days. The
sheep was still alive in September, 1916.

14. Sheep 8327. As above.
15. Sheep 8276 was running from 18.1.16 until 10.3.16 over a period of 52

days. On the 21.3.16 it was noted ill and kept under observation until 6.4.16,

over a period of 16 days. The sheep was still alive in September, 1916.

16. Sheep 8634 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 22.3.16 it was noted ill and kept under temperature observation
until 6.4.16, over a. period of 16 days. The sheep died on 20th September, 1916.
The cause of death was ascribed to Cachexia.

17. Sheep 8202 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 21.3.16 it was noted ill and kept under temperature observation
until 6.4.16, over a period of 16 days. The sheep recovered and was still alive

in September, 1916.
18. Sheep 8393 was running from 18.1.16 until 10.3.16 over a period of 52

days. On the 21.3.16 it was noted ill and kept under temperature observation
until 6.4.16, over a period of 16 days. The sheep died on 16th September, 1916.
The cause of death could not be diagnosed, the cadaver having shown advanced
putrefaction.

19. Sheep 8197 was running from 18.1.16 until 10.3.16 over a period of 52
days. On the 28.3.16 it was noted ill and kept under temperature observation
until 6.4.16, over a period of 0 days. The sheep was still alive in September,
1916.

APPENDIX IT.

Tex Post-mortem Reports and Histological Examinations or Shf.ep that died
of Godsiekte in 1916, selected as Typical Cases of the Disease.

1. Sheep DOS No. |8760.—Four-tooth Merino hamel, 13.3.16. Rigor
mortis is not complete. The condition is good. The integument shows no
changes. The mucous membranes of the head are pale, and foam is present at

the nostrils The subcutaneous tissue appears normal. The pleural cavities
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contain a considerable quantity of yellow fluid. The peritoneal cavity shows
no changes. The retropharyngeal, bronchial, and submaxillary lymphatic
glands appear normal. The larynx and trachea contain foam. The lungs are

not collapsed and on section appear rich in blood. The tissue is moist. Foam
is present in the bronchi. Patches of atelectasis are present. The pericardium
contains 20 c.c. clear liquid. The heart ventricles are distended and filled with
coagulated blood. Epicardium and endocardium show no alterations, the myo-
cardium is slightly grey. The liver is rich in blood and soft. The bile shows
no changes. The spleen (9x8x1 cm.) shows a normal appearance. The capsule
of the kidney is easily detached, and the organ on section appears normal. The
abomasum contains a few wireworms. The mucosa shows no alterations. The
small intestines show some blood-stained contents. The mucosa is reddened.
The large intestines have a normal appearance.

Microscopic Exam ination.

Heart .—There are patches in which the arrangement of muscular fibres

shows a disturbance. These are broken, or the spaces between the fibres are

distended. There is an increase of two different types of cells, namely, large

oval ones with a light-coloured nucleus and small round ones. They are

either in separate groups or mixed. The striation of the muscular fibres

is distinct, and in some places where cellular clusters are formed, the individual
fibre shows a vacuolization of the eytoplasma. In this section the difference

between the cells of the sarcoplasma and the endothelial cells of the capillaries

is striking, the former are slightly oblong and rounded on both ends, and
possess a poorly stained nucleus, whereas the latter are narrow cells (on edge),

sharply pointed, and with a deeper stained nucleus. A third cell is the
connective tissue cell with a nucleus in character between the two. In these
cellular collections occasionally a nucleus of the muscular fibres can be made
out, the sarcoplasma having disappeared or faded. On a cross-section, it can
be seen that the fibres are vanishing from such foci. They are absent in the
centre and in the periphery. Isolated fibres or remnants of such are present.
There is a loose wavy connective tissue present between the capillaries. In the
adventitia of larger vessels and in the connective tissues accompanying them,
leucoctytes and round cells are found. Of the latter, some are large
mononuclears; of the former, some are eosinophiles. The capillaries sliow up
well and are filled a ith corpuscles in single files.

Liver .—The Sudan-stained section shows only small traces of fat in the
liver cells. These appear somewhat loose around the central vein. The con-
nective tissue cells of the interlobular septa are increased in number, so that
the septa stand out fairly well marked. These cells are closely packed and
the nuclei accordingly appear somewhat crowded. Also round cells are present.
The bile-ducts are usually included in these cell-collections. The sublobular
and the central veins and the capillaries are filled with blood. There are also
cells present which contain pigment.

Kidneys .—The Sudan-stained section shows in the tubuli contorti some fine
granules. The capillaries of the intermediate zone are filled with red
corpuscles. There are occasionally red corpuscles in the lumen of the tubules
and the glomerulus capsule.

Tjungs .—The capillaries are distended and filled with blood corpuscles. A
homogeneous substance is present in the lumen of the alveoli and the bronchi.
Desquamation of the cells in some alveoli is distinct. In the lumens of some
of the bronchi also polymorphonuclear cells are found.

Pathological Anatomical Diagnosis .—Stasis and dilatation of the heart,
myocarditis productiva, hydrothorax, hyperaemia, oedema, and atelectasis of
the lungs, stasis, slight fatty degeneration, and slight cirrhosis of the liver.

Etiological Diag nosis.—Gousiekte.
Epicrisis .—The sheep was running in Witfontein from 18.1.16 to the 10.3.16.

On the latter date it was returned to Onderstepoort. It died on the 13.3.16 of
gousiekte, or 55 days after commencement of the experiment. The lesions of
gousiekte were well developed, and the usual changes connected with the
impaired heart actions were present as well. The cirrhosis could be explained
to be of an intercurrent nature, but it is more likely that it stands in some
relation to the cause of the disease.

2. Sheep DOB No. 8667.—Eight-tooth Merino hamel, died 15.3.16. Itigor
mortis is present. The condition is fair. The visible mucous membranes
of the head are pale. The flesh and subcutaneous tissue show no changes.
The pleural cavities contain some yellow fluid. The peritoneal cavity contains
a considerable amount of clear yellow liquid. The bronchial and mediastinal
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lymphatic glands are moist. The tongue and oesophagus show no changes. The
larynx and trachea contain foam. The lungs are not collapsed and on section

rich in blood and moist. Patches of atelectasis are present. Foam is seen in

the bronchi. The pericardium contains 20 c.c. yellow fluid. The heart is in

extreme diastole'; both ventricles contain large blood clots. The epicardium and
endocardium show no alterations. The myocardium is firm and slightly grey.
The liver on section appears pale and slightly firm. The gall-bladder shows
nothing unusual. The spleen is 11x8x2 cm. The pulp is dark; the trabeculae
not distinct. The capsule of the kidney is easily detached, and on section the
right kidney is dark. The mucosa of the abomasum is diffusely reddened.
Wireworms are numerous. The large intestines are pale; no nodules are
present in the walls.

Microscopic Exam 'motion.

Heart .—Sareosporidia are present. There are patches in the section in

which the muscular fibres have disappeared, and the spaces are filled with con-
nective tissue containing a fair number of round cells. The connective tissue

in one place is of a wavy character; in other places the nuclei are particularly
numerous.

Liver .—The cells along the central veins show fatty droplets; the inter-

trabecular spaces are slightly distended.
Kidneys .—There is some exudate in the Bowman’s capsule, and in some,

tubuli contorti ; the nuclei do not take the stain. The vessels of the medulla
are filled and distended with red corpuscles.

Pathological Anatomical Diagnosis .—Slight hyperaemia, oedema, and
atelectasis of the lungs-. Dilatation of the heart, myocarditis productiva. fatty
degeneration of the liver, tumor splenis, cloudy swelling of the kidneys.
Hyperaemia of the stomach. Helminthiasis nodularis intestinorum (Sareo-
sporidiosis).

Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was sent to Witfontein on the 18.1.16 and remained

there until the 10.3.16, when it returned to Onderstepoort. It died of gousiekte
on the 15.3.16, or 52 days after exposure. The lesions of gousiekte were well

developed, both in the heart as also in those organs that usually suffer from an
impaired heart action.

3. Sheep Doll Xo. 8561.—Four-tooth Merino hamel, died 18.3.16. Bigor
mortis is not present. The condition is good. The integument shows
no changes. The mucous membranes are pale. The pleural cavities and
peritoneal cavity have foreign contents. The submaxillary and bronchial
glands are moist; the tongue and oesophagus show no alterations. The larynx
and trachea show no changes. The lungs are not collapsed. On section they
appear rich in blood. The bronchi show no alteration. The pericardium
shows 5 c.c. clear fluid. The heart is in diastole and filled with blood clots.

The epicardium and endocardium show no changes; the myocardium is slightly
grey. The liver on section appears pale and somewhat soft. The spleen
(10x8! X2j) shows a normal pulp. The capsule of the kidney is easily detached;
the left kidney is pale and rich in blood. In the abomasum, wireworms are
fairly frequent. The omasum shows no alterations. Nodules are present in

the walls of the small intestines. A few nodules are noted in the large intes-

tines. The bladder is empty, and shows no changes.

M icroscopic Era m irw t io n.

Heart .—In some places under the epicardium. infiltrations with round cells

are met with. They are scattered between the fibres of the adjacent portion
in some places and form clusters. The striation of the fibres is distinct. In

some places a decrease of the muscular fibres is seen. Sareosporidia are
present.

Liner .—Sudan does not show any alterations. A slight distension of the
capillaries round the central vein is noted.

Kidneys .—A homogeneous substance is present in some glomerulus capsules
and in the tubuli contorti. Some of these show pyenotic nuclei.

Spleen .—The follicles are well developed. There are some fatty granules in

the germinative centres of some follicles. Pigment is also present.
Lungs .—Homogeneous exudate is present in some of the alveoli, and causes

also distension of tne septa. The capillaries are filled with red corpuscles.
Pathological Anatomicid Diagnosis .—Dilatation of the heart, myocarditis

productiva. Stasis of the liver, cloudy swelling of the kidneys, hyperaemia and
oedema of the lungs. Pigmentation and fatty degeneration of the follicles.

Stasis of the kidneys. Helminthiasis nodularis intestinorum (Sarcosporidiosis).
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El iological Diagnosis.—Gousiekte.
Epicrisis.—The sheep was sent to Witfontein on the 18.1.16 and returned

on the 10.3.16 to Onderstepoort, where it died on the 18.3. 1G of gousiekte, or

52 days after exposure.
The lesions of gousiekte were present and were pronounced in the dilatation

of the heart due to productive myocarditis.

4. Sheep DOB No. 8280.—Four-tooth Merino hamel, died 18.3. 1G. Rigor

mortis is absent. The condition is good. The integument shows no changes. The

visible mucous membranes of the head are pale. The subcutaneous tissue

shows no alterations. The pleural cavities and the peritoneal cavity show no

foreign contents. The lympathic glands appear normal. The larynx and

trachea contain froth. The lungs are not collapsed; on section are slightly

moist. A little foam is present in the bronchi. The heart is in diastole, and the

ventricles contain non-coagulated blood. The epicardium and endocardium show

no changes; the myocardium is firm. The liver on section has a normal pale

appearance; the bile is normal. The spleen and the kidneys are normal. In

the abomasum a few wireworms are noticed. The small intestines show no

changes; the large intestines are normal and show a few nodules.

.1/ icroscopic Exam i na tion.

Heart

.

—Sarcosporidia are numerous. The capillaries are rich in blood
;
the

blood corpuscles appear in single files. In some parts of the heart is an increase

of interstitial nuclei and a shrinkage of the muscular fibies. In several parts

this is fairly extensively developed. There are also numerous round cells

scattered about, forming small collections in some places

Liver.—With Sudan stain, shows no alterations.

Spleen.—The follicles stand out distinctly; pigment is present.

Pathological Anatomical Diagnosis .—Stasis in the heart. Dilatation of the

heart, myocarditis productiva. Pigment on the spleen. Oedema and hyperaemia
of the lungs. Anaemia. Verminosis. Sarcosporidiosis.

Etiological Diagnosis .—Gousiekte.
Epicrisis.—The sheep was sent to Witfontein on the 18.1.16 and returned

to Onderstepoort on the 10.3. 1G. It died on the 18.3.16 of gousiekte, or 60
days after exposure. The lesions of gousiekte were not well developed. The
dilatation of the heart was present, but no alterations subsequent to the pro-

ductiva myocarditis could be noted. The case, however, is less of a chronic
than of an acute type. In view of the absence of lesions which usually accom-
pany an affected heart, it may be concluded that the evolution in this case was
a sudden one.

5. iS'/ieep DOB No. 8714.—Eight-tooth Merino hamel, died 7.3. 1G. Rigor
mortis is not present. The condition is fair. The tongue is protruding. The sub-

cutaneous tissue is normal. The pleural and peritoneal cavities contain a clear

yellow fluid. The submaxillary, bronchial, and mediastinal lymphatic glands
show no changes. The tongue, oesophagus, and pharynx show no alterations.
The larynx and trachea contain foam. The lungs are not collapsed, and on
section appear rich in blood. Froth is present in the bronchi. There are
patches of atelectasis in both lungs. The pericardium contains 20 c.c. clear

yellow liquid. The vei tricles of the heart are distended and contain no
coagulated blood. The epicardium, endocardium, and myocardium show no
changes. The liver appears rich in blood, and is soft. The gall-bladder contains
a little bile. The spleen measures 10x7x2 cm. and has a rather soft pulp.
The trabeculae are distinct. The capsule of the kidney is easily detached, and
on section the organ appears normal. No changes are noted in the four
stomachs. Nodules are fairly frequent in the walls of the small and large
intestines.

M icroscopic Exam i nation.

Heart.—The section has a somewhat mottled appearance due to the presence
of several foci in which the fibres are interrupted, and in their places are con-
nective tissue cells and leucocytes, and sometimes round cells in small grouos.
In some of the fibres, a slight fatty degeneration is noted. On cross-section
some of the interstitial spaces stand out well and are filled with round cells.

The capillaries show up well and are filled with red corpuscles.
Liver .—A slight fatty degeneration of the liver-cells along the peripheral

portion of the lobule is seen. In some parts a collection of light brown pigment
in the cells bordering the central vein is noted. Round cells are present in the
interlobular septa as well as an increased number of connective tissue cells,



52

more of the latter than of the former, so that the interlobular septa stand out
quite conspicuously.

Kidneys.—In the epithelial lining of some of the tubuli contorti a light

brown granular pigment is present.
Spleen.—The follicles are enlarged, the germinative centres distinct, and

in some of them a pigment of light brown colour is seen. In the pulp, the

blood is arranged somewhat in roads, and in these are patches of pigment.
Pathological Anatomical Diagnosis.—Dilatation of the heart. Myocarditis

productiva, hyperaemia, oedema, and atelectasis of the lungs. Slight hydro-
pericardium. Fatty degeneration of the liver. Stasis. Cirrhosis. Bile

pigment. Tumor splenis and pigment. Bile pigment in the kidney. Helmin-
thiasis nodularis intestinorum.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—This sheep was sent to Witfontein on the 18.1.16, where it

remained until the 4.3.16, when it was returned to Onderstepoort. It died on
the 7.3.16, or three days later, namely 49 days after exposure. The myocarditis
productiva was present, typical of gousiekte. Cirrhosis was noted to be fairly

conspicuous and to be still in the early stage of development. This cirrhosis

most likely stands in relation to the toxic injury, similarly to be lesions found
in the myocardium.

6. Sheep DOB No. 8574.—Six-tooth Merino hamel, died 19.3.16. Bigor mortis
is absent. The condition is good. The mucous membranes appear pale. The
subcutaneous tissue is normal. The pleural cavities contain no liquid. The
peritoneal cavity shows some yellow fluid. The lymphatic glands of the bronchi
and mediatinum are enlarged and moist. The larynx and trachea contain
froth. The lungs are not collapsed and on section show hyperaemia and
oedema. Foam is present in the bronchi. The pericardium shows no changes.
The heart is in diastole. Coagulated blood is present in the ventricles. Epi-
cardium and endocardium show no alterations; the myocardium is firm. The
liver on section is pale and soft; the bile is normal. The spleen is 9x7x2 cm.
The pulp is slightly soft. The trabeculae are not distinct. The mucosa of the
abomasum is pale. A few wireworms are present. The small intestines are
pale. Some red patches are present. The large intestines are normal.

M icroscopic Examination.

Heart.—In an interstitial space and branching off it into smaller ones are
collections of round cells. They are also found between the muscular fibres

along which they are spreading. In some places the muscular fibres have dis-

appeared. The capillaries are left, and between them a collection of connective
tissue cells occupies the space. This has also been noticed to occur alongside
of a purkinje’s fibre and alongside of fibres containing a sarcosporidium. A
few sarcosporidia are present. The capillaries show off well and are filled with
red corpuscles.

Liver.—Sudan shows the distribution of small fat droplets all through the
lobules. The intertrabecular spaces around the central vein are distended and
filled with red corpuscles. There is a slight increase of round cells in the
septa. Polymorphonuclear cells are also present.

Lungs.-—The capillaries are distended and filled with red corpuscles. The
alveoli are filled with a homogeneous substance which is also present in the
septa and in the small bronchi. Around some of the bronchi is a round cellular
infiltration.

Pathological Anatom ical Diagnosis.—Stasis in the heart-muscle. Dilatation
of the heart, myocarditis productiva. Stasis and fatty degeneration of the
liver. Slight cirrhosis. Slight ascites. Hyperaemia and oedema of the lungs.
Oedema of the lymph glands. Slight peribronchitis acuta. Tumor splenis.
Verminosis. Sarcosporidiosis.

Etiological D iagnos is.—G ousiekte

.

Epicrisis.—'The sheep was sent to Witfontein on the 18.1.16 and remained
there until the 10.3.16. It was returned to Onderstepoort, where it died on
the 19.3.16 of gousiekte, or 52 days after exposure. The lesions of gousiekte
were well shown by the dilated heart and the productive myocarditis. The
other lesions which are usually present when the heart action is impeded were
not so marked. The peribronchitis was most likely of an intercurrent nature,
whilst it is possible that the cirrhosis is connected with the toxic agency that
produced the myocarditis.

7. Sheep DOB No. 8397.—Six-tooth Merino hamel, died 7.3.16. Bigor mortis
is present. The condition is good The abdomen is slightly tympanitic. The
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pleural cavities contain clear yellow fluid; foreign contents are not noted in

the peritoneal cavity. The retropharyngeal, submaxillary, and bronchial

lymphnodes show no changes; neither do the tongue, oesophagus, and pharynx.

The larynx also appears normal. The trachea contains some mucus. The lungs

are not collapsed and on section appear rich in blood and moist. Some atelectatic

foci are present, and foam is found in the bronchi. The pericardium contains

clear yellow fluid. The ventricles of the heart are distended and contain well

coagulated blood. The epicardium and endocardium show no alteration
;

the

myocardium is firm. The liver on section is rather pale and softened
;

the bile

is normal. The spleen measures 10x7 xlE and shows a rather soft pulp. The
trabeculae are fairly distinct. The capsule of the Kidney is easily detached ;

the

kidney on section is dark in colour and somewhat soft. The abomasum shows

no alterations, neither do the small or the large intestines. The bladder is

empty, and no changes are noted.

Microscopic Examinatio n.

Heart.—No fat is present. The section has a somewhat patchy appearance
due to the presence of an increased amount of fibro-blastic and fibrillar tissue

in some places and to the absence of the muscular fibres. These patches also

contain round cells. Few sarcosporidia are noted.
Liver.—The radiating picture of liver-cell trabeculae is somewhat disturbed.

The liver-cell rows in parts are slightly curved, and the intertrabecular spaces

slightly distended, many of them containing blood.

Kidneys.—In the tubuli contorti are found loops in which the nuclei are

absent. The capillaries are filled with blood. There is no fat present.

Lungs.—There are patches of alveoli filled with a homogeneous substance.

The capillaries contain much blood and the septa are distended with homogeneous
infiltrate. The bronchi also contain this homogeneous substance.

Spleen.-—In the pulp are patches of fine granular pigment, somewhat dark
in colour and obscuring slightly the cellular elements. The follicles are fairly

large and contain well developed germinative centres.

Pathological Anatomical Diagnosis.—Dilatation of the heart. Myocarditis
productiva. Hydrothorax, hyperaemia, oedema, and atelectasis of both lungs.

Stasis of the liver. Slight tumor splenis and pigmentation. Stasis and cloudy
swelling of the kidney. Sarcosporidiosis.

Etiological Diagnosis.—Gousiekte.
Epicrisis.-—This sheep was sent to Witfontein on the 18.1.16 and returned

to Onderstepoort on the 4.3.16. It died of gousiekte three days later, or on the
forty-ninth day after exposure. The characteristic lesions of the disease were
fairly well marked.

8. Sheep D0P> No. 7721.—Six-tooth Merino hamel, died 5.3.16. Rigor mortis
is not present. The condition is good. Some mucus is noted in the nostrils.

The pleural cavities contain a considerable quantity of clear yellow fluid.

Nothing unusual is noticed in the peritoneal cavity. The submaxillary and
mediastinal lymphatic glands are swollen. The mediastinal septum shows a
gelatinous infiltration. The tongue, oesophagus, and pharynx show no changes.
The larynx and trachea contain foam. The lungs are not collapsed and on
section show much blood. Oedema and some patches of atelectasis are present.
In the left lobe is a caseous area surrounded by a fibrous capsule. Foam is

noticed in the bronchi. The pericardium contains a little fluid; the heart is

dilated. Well formed blood coagula are present in both ventricles. Epicardium
and endocardium show no changes

;
the myocardium is somewhat pale and

flabby. The liver on section is rather pale and softened; the bile is normal.
The spleen (10^X7 x£ cm.) on section is normal; the trabeculae are distinct.

The capsule of the kidney is easily detached. The abomasum shows some semi-
fluid contents. The mucosa shows no changes; a few wireworms are present.
In the small and large intestines nodules are present in the walls. Parasites
(Oesophagostomum columbianum

)

are in the lumen. The bladder is empty; the
mucosa shows no changes. The brain shows no alterations.

Microscopic Examination.
' Heart.—The presence of sarcosporidia is reco~ded. There is a fatty

degeneration in some of the fibres indicated by the presence of small granules.
Most of the fibres show, with Sudan stain, a slight colouring as if brushed with
it. In some places, the muscular fibres have disappeared, and there is an
increase of nuclei. The fibres are seen to undergo a dissolution, vacuoles being
present or remnants of fibres mixed with the nuclei. The greater number of
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the nuclei are oval and vesicular and correspond with those that are present
between the fibres. Such foci are numerous in the section, so that under a

low power it has a characteristic patchy appearance. In some of the fibres

pigment is seen. Occasionally a chain of nuclei following each other in close

succession is noticed, consisting of 4 to 5 nuclei.
Liver .—The cells around the central vein show vacuoles. The capillaries in

these parts are not exactly engorged, but contain an increased number of

polymorph-cells. The liver-cells in the centre are much paler than in the
periphery.

Lungs .—The alveoli contain serum and desquamated cells; the capillaries
contain much blood. In some places the alveoli are filled with red corpuscles
forming red foci.

Kidneys .—They show nothing unusual.
Pathological Anatomical Diagnosis .—Dilatation of the heart. Myocarditis

productive. Hydrothorax, hyperaemia, oedema, and atelectasis of both lungs.
Stasis and vacuolar degeneration of the liver. Helminthiasis nodularis intes-
t i riorum

.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—This sheep was sent to Witfontein on the 18.1.16 and returned

to Onderstepoort on the 4.3.16. It died one day later, or 47 days after exposure.

The lesions of gousiekte were pronounced in the heart and also in other organs.
Of interest is the vacuolar degeneration of the liver, which is not due to fatty

degeneration, since in the Sudan-stained section no fat globules were noted in

the liver-cells.

9. Sheep DOB No. 8187.—Eight-tooth Merino hamel, died 4.3.16. Rigor
mortis is not present. The condition is good. The mucous membranes are some-
what pale. Foam escapes from mouth and nostrils. The subcutaneous tissue is

normal. The pleural cavities contain a considerable quantity of watery fluid.

The peritoneal cavity contains no foreign matter. The bronchial lymphatic
glands are swollen and moist. The submaxillary lymph glands show no
changes. The mediastinal tissue shows serious infiltration. The tongue,
oesophagus, and pharynx show no alterations. The trachea and larynx are
pale and contain foam. The lungs are not completely collapsed, and on section
appear rich in blood and are moist. The interlobular tissue of the anterior
lobes and dependent portions are infiltrated with yellowish substance. Froth
is present in the bronchi. The pericardium contains 10 c.c. clear liquid. The
heart is in extreme diastole; fluid blood fills both ventricles. The epicardium
and endocardium show no alterations. The liver on section appears rather
pale and soft; the bile is normal. The spleen (12x8x2 cm.) is somewhat soft

and on section shows dark foci. The capsule of the kidneys is easily detached.
On section the kidney is reddish 'in colour and moist. There is no alteration
shown in the stomach. The small intestines are normal. The large intestines
show some nodules in the walls.

M icrnscopic Examinat ion.

Heart .—No fatty degeneration and no sarcosporidia are noted. The
striation of the muscles is everywhere distinct. The capillaries show up well
and are filled with red corpuscles arranged in single file. There are round
cell infiltrations arranged between the muscular fibres and causing these to
vanish. The section has a somewhat irregular, patchy appearance, caused by
the presence of foci containing fibroblasts and round cells. Sometimes these
cells form separate clusters.

Jjiver .—Sudan stain does not give a reaction. The liver-cells show vacuoles.
Sometimes the cells are reduced in size and are irregular in shape. This is

particularly the case around the central veins. Some of these cells also
contain pigment. The vacuoles mentioned are more frequent in the centre
than in the periphery, but they are present everywhere. This condition is

noted both in the Sudan stained and in the Haematoxylin-Ecein stained section.
Spleen .—The lymph follicles appear well standing out, and the' germinative

centres show up well. The pulp contains much blood. The red corpuscles are
in many places forming small dense clusters surrounded by a fine dust, giving
these parts a darker appearance. Under high magnification, the granules are
recognized to be pigment and are of a dark brown colour.

Kidneys .—The epithelial lining of the tubuli contorti does not take the
Haematoxylin stain. When stained with Sudan, a few refractive granules are
noted.

Pathological Anatomical Diagnosis .—Dilatation of the heart. Myocarditis
productiva. Hydrothorax, hyperaemia, and oedema of the lungs. Vacuolar
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degeneration of the liver. Tumor splenis and pigmentation. Cloudy swelling

of the kidneys.
Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was sent to Witfontein on the 18.1.16 and returned

to Onderstepoort on the 4.3.16. It died on the same day of gousiekte, or 46

days after exposure, and showed the typical post-mortem lesions in the heart.

A condition otherwise not frequently found is the vacular degeneration of the

lieait, small vacuoles appearing in the cytoplasma of the liver-cells. Sudan
did not give a reaction, and so it was concluded that the vacuoles could not

be caused by fatty degeneration.

10. Sheep Doll Xo. 8542.—Six-tooth Merino hamel, died 23.3.16. Rigor
mortis is not present. The condition is good. The abdomen shows no changes.

The integument is intact. The visible mucous membranes appear normal.
The flesh is rather dark; the blood is not completely coagulated. The sub-

cutaneous tissue shows no changes. The pleural cavities and the peritoneal

cavity show no foreign contents. The diaphragm is convexed. The retropharyn-
geal, mediastinal, and bronchial lymphatic glands are pale, slightly swollen, and
watery. The tongue, oesophagus, and pharynx show no changes. The trachea

contains a viscid mucous froth, the intercartilaginous spaces of the mucosa are in

parts injected. The lungs are in inspirium and on section appear rich in blood
and moisture. Froth is present in the bronchi. The pericardium contains 3 c-.c.

clear fluid. The heart ventricles are distended, and both contain well-formed
clots of coagulated blood. The epieardium, endocardium, and myocardium show
no alterations. The valves are normal, and the thoracic aorta shows no
changes. The liver is pinkish brown, and the acini are not quite distinct.

The consistence is firm, and a fair amount of blood is present. In the left

lobe posterior face are some foci containing a cheesedike substance. The
pancreas shows no changes. The spleen (12x8^ x2§) shows malpighian bodies
much enlarged and of a pale colour. The pulp is reddish and fairly firm. The
trabeculae are not distinct. The kidneys show a well-developed fat capsule

;

the fibrous capsule is easily detached. The organ on section is slightly pale.
A white infarct, the size of a split pea, is in one kidney. No changes are
noted in the stomachs. The small intestines show hyperaemia practically
throughout. A reddish appearance is noticeable from outside, and
haemorrhagic cross stripes are present in the mucosa, but not very well marked.
The large intestines show a normal mucosa, but the walls contain numerous
nodules. The bladder is empty.

Pathological Anatomical Diagnosis .—Dilatation of the heart. Hyperaemia,
oedema, and atelectasis of the lungs. Stasis of the liver and tumor splenis.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—This sheep was sent to Witfontein on the 18.1.16 and returned

to Onderstepoort on the 10.3.16. It died on the 23.3.16, or 13 days after its

return to Onderstepoort. The diagnosis of gousiekte was well supported by
the changes found in the heart.

APPENDIX 111.

Post-mortem Reports of Sheep that died of Gousiekte in 1020 and 1921
(Cases referred to in Part IV, “ The Cause of Gousiekte,” Experiments
Nos. 20 TO 37). INCLUDING SEVERAL HISTOLOGICAL EXAMINATIONS.

1 Sheep Doll Xo. 147.-—Merino ewe (see Experiment No. 20), died 27.4.20.
(I'he autopsy was made five hours after death.) Rigor mortis is not present.
The condition is good. The abdomen is much distended. The blood is of normal
colour. The subcutaneous tissue is slightly oedematous. The pleural cavity
contains 250 e.c. amber-coloured fluid. The diaphragm is eonvexlv forwards.
The peritoneal cavity shows no foreign contents. The tongue appears normal.
The lungs are collapsed and show dark blue patches varying in size. They
correspond to atelectatic foci and are especially marked in the anterior portion.
The mucosa of trachea and larynx is congested. The pericardium contains 40 c.o.
amber-coloured fluid. The heart is enlarged, and the ventricles are much
dilated. The epieardium contains a number of large punctiform haemorrhages.
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They are present to a lesser degree in the endocardium. The myocardium is

brownish. The liver is larger than normal and pinkish brown. The capsule is

tense and glistening. Through the capsule, the parenchyma looks congested.
It has a nutmeg appearance. Between the congested parts of the lobule fatty
changes may be noticed by a yellowish coloration. The spleen is very large
(12x7x3 cm.). The pulp is dark red and soft. The malpighian bodies are
prominent. The capsule of the kidneys is easily detached, especially of the left

kidney, which is much congested. The malpighian bodies are prominent. The
first, second, and third stomachs show no alterations. The abomasum contains
a few adults of Haemonchus contortus. The duodenum shows red patches. The
mesentery shows no changes.

Pathological Anatomical Diagnosis .-—Hydropericardium and hydrothorax.
Dilatatio cordis. Haemorrhages in epicardium and endocardium. Stasis
in the respiratory tract. Atelectasis. Stasis and fatty degeneration of the
liver. Enteritis catarrhalis. Tumor splenis. Stasis of kidney. Haemon-
chosis. Slight anasarca.

Etiological Diagnosis.—Gousiekte.
Epicrisi-s .—The sheep died 36 days after commenceni^ent of feeding. It

showed the macroscopical lesion typical of the disease, viz., dilatation of the
heart and the sequelae connected with an interfered heart action, the most
prominent of which are hydrothorax, fatty degeneration of the liver and the
tumor splenis. The presence of a slight hydropericardium and the slight

anasarca may have been caused by the haemorrhosis, which was, however, mild.

2. Sheep DOB No. 14251.—Aged Merino hamel (see Experiment No. 20), died
4.5.20. Rigor mortis is absent. The condition is fair. The abdomen is distended.
A mucous discharge is seen in the nostrils. Oestrus larvae are present in the
frontal sinus. The mucosa is injected. The blood is coagulated. The sub-
cutaneous tissue of the neck and shoulder is hyperaemic. The peritoneal
cavity contains a small amount of yellowish clear fluid. The pleural cavity
also contains a small amount of clear fluid. The mucosa of the tongue- is pale.

The mucosa of the larynx and pharynx show no alterations. The retropharyn-
geal lymphatic glands are much enlarged, and the mediastinals only slightly.

The mucosa of the trachea is slightly injected. The lungs are collapsed. The
pleura is smooth and glistening. The outer surface is dark red. On section
the parenchyma appears oedematous. The bronchi are full of white foam. The
thoracic aorta shows no changes. The pericardium contains a little clear fluid.

The heart is soft in consistence. The epicardium and endocardium show
nothing unusual. The left ventricle is much dilated. The valves are normal.
The myocardium shows some small blood extravasations. The liver shows
some fibrous filaments in the capsule. On section the lobulation is found to
be well defined; the parenchyma is dark brown. Slight dilatation of the
central vein is noted. The gall-bladder contains a small amount of frothy
yellowish bile. Spleen (4x10x2^ cm.) shows on section the parenchyma pro-
truding. The malpighian bodies are somewhat pronounced. The capsule
of the kidney is easily detached. On section the cortex appears rich in blood.
The consistence is normal. In each of the four stomachs liquid frothy ingesta
is present. The mucosa of the large intestines is dark red. A large number
of parasitic nodules are present in the wall. The bladder is empty. The
brain shows slight congestion of the vessels. On section it appears slightly

moist.
Pathological Anatomical Diagnosis .—Dilatatio cordis. Slight hydrothorax

and slight ascites. Stasis and oedema in lungs. Stasis in the liver. Tumor
splenis. Helminthiasis nodularis intestinorum. Enteritis catarrhalis. Stasis
in the subcutaneous tissue of the neck; hyperaemia of the lymphnodes of head
and neck and mediastinum.

Epicrisis .—This sheep was fed for 26 days with leaves of Vangueria pygmaeiu
It died 43 days after feeding of the plant had commenced, showing lesions:

typical for gousiekte, viz., distension of the left ventricle. The sheep
was also suffering from verminosis, and the lesions in the intestinal canal can
be explained by this fact.

3. Sheep DOB No. ]4715.—Eight-tooth Merino hamel (see Experiment No..

20), died 8.5.20. Rigor mortis is present. The condition is fair. The abdomen is

distended. The visible mucous membranes are injected. The blood is dark, not
coagulated. The peritoneal cavity contains 150 c.c. and the pleural cavity 190 c.c.

of red-tinged liquid. The lymphatic glands of the pharynx are enlarged and
haemorrhagic. The cervical trachea is diffusely hyperaemic, and contains foam.
The right lung is enlarged, hyperaemic, and oedematous. The bronchi contain
foam. The left lung shows similar changes The heart is enlarged; the
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ventricles are dilated. The lobulation of the liver is not very distinct. The
parenchyma shows a brown colour. The consistence is normal. The gall-

bladder contains a normal amount of bile. The spleen (13x11x3 cm.) on

section is jam-like. The suprarenal glands show nothing abnormal. The
capsule of the kidney is easily detached. On section a diffuse hyperaemia is

noted. The first stomach is distended by solid contents. The second and
third show no abnormalities. The mucosa of the fourth is diffuse and
hyperaemie, and covered with a mucous coat. The jejunum is pale. Parasitic

nodules are found in the walls of ileum. The small vessels are injected, and a

diffuse hyperaemia of the mucosa is noted. In the walls of the caecum and
colon, nodules are noted. The bladder is normal.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Ascites, hydro-

thorax, hyperaemia, and oedema of lungs. Tumor splenis. Hyperaemia of

kidneys. Slight muco-gastritis. Helminthiasis nodularis intestinorum.
Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep had been fed for 26 days on leaves of Vangueria

pygmaea. It died of gousiekte 47 days after commencement of feeding. The
characteristic lesions of the disease, the dilatation of the heart, was present, and
also the sequelae usually accompanying an impaired heart action.

4. Sheep DOB No. 13617.—Full-mouth Merino hamel (see Experiment No.
20, died 9.5.20. Rigor mortis is not present. The condition is poor. The abdomen
is swollen. The conjunctiva is pale. The peritoneal and the pleural cavity show
no changes. The lymphatic glands of the pharynx are pale. The mucosa of

the cervical trachea is pale. The lumen contains some mucous and a small
amount of ingesta. The lungs are oedematous and not collapsed. Foam is

found in the bronchi. The pericardium contains about 20 c.c. clear liquid.

The vessels of the epicardium are injected. The thoracic aorta shows no
alterations. The right ventricle is distended. In the endocardium some small
vessels are injected. The left ventricle is dilated and contains a fair amount
of coagulated blood. In the endocardium some small vessels are injected. The
lobulation of the liver is fairly distinct. The centre of the acini is slightly

brownish. The consistence is normal. The gall-bladder is empty. The small
vessels of the mucosa are injected. The dimensions of the spleen are 12x9x3
cm. On section the pulp appears soft and moist. The malpighian bodies are
enlarged. The trabeculae are not noticeable. The suprarenal glands show no
changes. The capsule of the kidneys is easily detached. On section no
changes are noted. The consistence is slightly friable. The right kidney
shows slight hypostasis. The first stomach is distended by ingesta. The
second and third show no abnormalities. The fourth stomach contains some
food. The mucosa shows no changes. In the walls of the jejunum are many
nodules. The small vessels of the mucosa are injected. The walls of the
caecum contain numerous nodules. The small vessels of the mucosa are
injected.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Stasis of the liver.

Tumor splenis. Oedema of the lungs. Enteritis catarrhalis. Helminthiasis
nodularis intestinorum (Oesophagostomiasis).

Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was fed for 26 days on leaves of Vangueria. pygmaea.

It died of gousiekte on the 48th day after commencement of feeding.
The typical dilated heart was present, as well as a number of lesions associated
with this affection of the heart.

5. Sheep DOB No. 15104.—Six-tooth Merino hamel (see Experiment 20),
died 10.5.20. Rigor mortis is present. The conditions is fair. The abdomen is

distended. The visible mucous membranes are pale. The blood is liquid and
dark red. The flesh is pale. The peritoneum is smooth and glistening; the
cavity contains 40 c.c. blood-stained fluid. The pleural cavity contains 20 c.c.

clear watery fluid. The pleura is smooth and glistening. The salivary glands
show no abnormalities. The lymphatic glands of the head and neck are soft,
moist, and pale. The thyroids are dark red. The consistence is normal. The
oesophagus shows no changes. The mucosa of the tongue is pale; on section the
tissue also appears pale. The pulmonary pleura is dark red and
smooth. The lungs are not collapsed; on section the lung tissue
appears dark red. On pressure, foam oozes from the cut surface.
The thoracic trachea is filled with foam. The mucosa shows dark red longi-
tudinal streaks along its upper surface. The mucosa of the pharynx is slightly
yellow. At the base of the epiglottis the mucosa is deeply injected. The
pericardium contains 3 c.c. clear fluid. The pericardial fat is hard and well
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set. The right ventricle is dilated. The right atrio-ventricular opening admits
two fingers. The left ventricle is dilated and contains a firm clot. The left

atrio-ventricular opening admits two fingers easily. The endocardium is smooth
and slightly red. The myocardium is pale; the consistence is firm. The semilunar
and pulmonary valves are slightly reddened. The intima of the aorta is slightly
red stained. The periportal glands are moist and pale. The capsule of the
liver is smooth. The parenchyma is reddish brown with some more or less clay-

coloured patches. The borders are fairly sharp. The ventral borders
contain some calcified nodules in the size of a bean. The gall-bladder contains
1 c-.c. opaque bile. Stilesia hepatica is present in the bile-ducts. The con-
sistence of the liver is firm. The pancreas shows the usual shape; the con-
sistence is soft; the colour is reddish. The splenic lymphatic glands are soft and
moist. The capsule of the spleen is smooth; its colour is dark blue-grey; the
dimensions are 12x8x7 cm. The trabeculae and malpighian bodies are well
marked; the consistence is soft. The suprarenal glands have a pale cortex. The
consistence is normal. The capsule of the kidney is smooth and easily detached.
There is a small amount of fat present that is well set. On section the cortex
appears pale yellow; the striation is not very well marked. The boundary zone
is pale; also the medulla. The pelvis and urethras show no changes. The first

stomach is half-full of mashv ingesta; the mucosa is pale. Second and third
stomachs are filled with yellow dry ingesta. The mucosa is detached and pale.

The abomasum contains a small amount of yellow semi-liquid ingesta. A fev,

adults of Haemonchus contortus are present. The mucosa is pate. The duodenum
shows some red patches; the remaining parts are pale. The jejunum mucosa is

pale; in the walls are some nodules. Nematodes are present in the lumen. The
caecum contains some solid contents. The mucosa is pale. Large numbers of

nodules are found in the wall. The colon mucosa is very patchy, congested,
and injected; numerous nodules are found in the wall. The mesenteric glands
are pale, soft, and moist. The mesenteric vessels are injected. The bladder
contains a little clear urine; the mucosa shows no changes.

Pathological Anatomical Diagnosis .—Hyperaemia and oedema of lungs.

Slight hydrothorax and ascites. Dilatation of heart. Stasis of trachea and
larynx and pharynx. Stasis in liver. Tumor splenis. Echinococcus cyst in the
liver. Stilesia hepatica in the bile-ducts. Haemonchus contortus in stomach.
General anaemia. Helminthiasis nodularis intestinorum (Oesophagostomiasis).

Etiological Diagnosis .—Gou si elite.

Epi crisis .—The sheep had been fed for 23 days on Vangueria pygmaea. It

died of gousiekte on the 49th day after feeding had commenced, and the typical

lesion of this disease (the heart dilatation) was seen. Anaemia was present

as a sequel of a strong infestation with intestinal helminths.

6. Sheep DOB No. 16283.—Merino hamel (see Experiment 20), died 10.5.20.

Rigor mortis is absent. The condition is fair. The abdomen is distended. The
visible mucous membranes of the head are bluish-red discoloured. The blood is

coagulated. The subcutaneous tissue shows no changes. The peritoneum is

smooth and glistening; the cavity contains 150 c.c. clear yellow liquid. The
diaphragm and pleural cavity show no changes. The submaxillary, pharyngeal,
and cervical lymphatic glands are moist. The mucosa, of the tongue is slightly

bluish. The mucosa of the larynx shows a white deposit and a dark red dis-

coloration. The lungs have not collapsed. The mucosa of the bronchi is red.

On section the parenchyma of the lungs appear rich in blood. The bronchi and
trachea are full of foam and mucus. The pericardium contains a few c.c. of

clear yellow liquid. The epicardium shows no changes. The left ventricle is

flabby and distended. The myocardium is grey. The periportal lymphatic glands
appear normal. The liver shows the usual size; the consistence and colour is

normal. The gall-bladder is distended with a dark green bile. The mucosa
shows no changes. The spleen is enlarged (13x8x2 cm.). On section the

malpighian bodies are distinct. The pulp is softened. The suprarenal glands

show no changes. The capsule of the kidneys is easily detached. The surface

is smooth. On section no changes are noted. The fourth stomach contains

a few adults of Haemonchus contortus. The mucosa is normal. The mucosa of the

small intestines is intensively red in parts; numerous nodules are present in the

wall; likewise in the large intestines. The mesenteric glands, mesentery,

bladder, and sexual organs show no changes.
Pathological Anatomical Diagnosis .—Dilatation of the heart. Stasis in

trachea and bronchi. Hyperaemia and oedema of lungs. Tumor splenis. Para-
sitic enteritis. Helminthiasis nodularis.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was fed for 28 days on leaves of Vangueria pygmaea.

It died on the 49th day of gousiekte. The characteristic lesions of the heart
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were present. The sheep at the same time was much affected by nodular
helminthiasis and parasitic enteritis.

7. Sheep DoB No. 12796.—Merino hamel (see Experiment 20), died 18.5.20.

Rigor mortis is not present. The condition is fairly good. The abdomen is

distended. The visible mucous membranes are somewhat pale. Oestrus larvae

are present in tho sinuses. The blood is well coagulated. The flesh is pink.

The peritoneal cavity contains about 180 c.c. and the pleural cavity a small

amount of clear colourless liquid. The salivary glands show no changes. The
lymphatic glands of the head are slightly swollen. The oesophagus and tongue
show no changes. The trachea contains a small amount of foam. The lungs
show the usual size and shape. The tissue is compressible and of a pink colour.

The pleura is smooth and glistening. On section the parenchyma appear moist.

The right apical lobe shows a calcified nodule. The left apical lobe shows a

dark focus where the tissue is not compressible. The pericardium contains a

small amount of partly coagulated colourless fluid. The heart is large in size,

rather flabby. The left ventricle shows dilatation and contains a well-formed
clot, which is larger than that found in the right ventricle. The endocardium
and epicardium show no changes. The myocardium is greyish in

colour. The periportal and lymphatic glands are enlarged. The
ductus eholedochus is open. The liver is little larger than usual. The edges
are rounded

;
the colour is dark brown. The capsule is smooth and glistening.

It shows tw’o calcified nodules the size of cherries. On section the liver

parenchyma shows the acini well marked. The splenic lymphatic glands are
enlarged. The spleen (14x9x3 cm.) has the usual shape. On section the pulp
is protruding. The malpighian bodies are well marked. The suprarenal glands
are rather pale. The kidneys are of the usual size. The capsule is easily

detached. The consistence is normal. On section the organ appears rich in

blood. The stomach contains moist food. Just behind the pylorus is a dark
red discoloration in the mucosa of the duodenum; farther on, the colour
changes and becomes pink. The large intestines show' numerous nodules in their
walls. The mesenteric glands are enlarged. The mesen-tary shows no changes.
The bladder is empty and the mucosa normal. The sexual organs show no
changes.

Pathological Anatomical Diagnosis.—Slight ascites and hydrotliorax.
Hyperaemia and oedema of the lungs. Dilatation of the heart. Stasis of liver.

Tumor splenis. Hyperaemia of kidneys. Enteritis heamorrhagica jejuni et

duodeiu. Helminthiasis nodularis intestinorum (Oesophagostomiasis).
Etiological Diagnosis.—Gousiekte.
Epicrisis.—The sheep had been fed on Vangueria pygmaea for a period of

26 days. It died on the 57tli day of gousiekte. The lesions of this disease were
well marked in the heart and in the organs that usually suffer from an
impaired action of the heart. In this case a heavy infestation of oesophagos-
tomum columbianum was present.

8. Sheep DOB No. 14641.-—Eight-tooth Merino hamel (see Experiment 20),
died 26.5.20. Rigor mortis is not present. The condition is fair. The
abdomen is fairly well distended. The conjunctiva shows slight hyperaemia.
The subcutaneous tissue, in the region of the sternum and the lower neck, is

rich in blood and moist. The peritoneal cavity is full of yellow, clear fluid,

which contains a fibrinous coagulum. The pleural cavity is filled with clear
liquid. The salivary glands show’ no changes. The lymphatic glands of the
neck and head are enlarged, oedematous, and red. The oesophagus and
tongue show no changes. Both lungs are distended, and on section appear
moist and rich in blood. The left anterior and middle lobe show atelectasis in
varying degrees of carnification. The bronchi contain foam; also the trachea.
The thoracic aorta shows no changes. The pericardium is distended with clear
liquid, which contains some fibrin coagula. The left ventricle of the heart
shows a large quantity of coagulated dark-coloured blood. It is very much
distended. The walls are thin (4 mm.). The endocardium shows no changes.
The right ventricle is slightly enlarged and contains dark coagulated blood.
In the endocardium are no changes. The microscopical examination of the
myocardium show's all the lesions of a myocarditis productiva. The periportal
glands are enlarged and moist. The liver is enlarged; on section the lobulation
is distinct. The centre of a lobule is congested; the periphery is yellow. The
glissoni septa are sunken in. The picture is typical of a nutmeg; the con-
sistence is friable. Microscopical examination shows dilatation of the central
vein. Congestion of the central part of the acinus, surrounded by a fatty zone.
The peripheral part of the acinus shows normal anaemic tissue. The spleen
(12x7£x2 cm.) shows on section indistinct trabeculae; some malpighian bodies
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are enlarged. The colour of the parenchyma is dark; the consistence is soft.

The microscopical examination shows scattered follicles showing central fatty
degeneration. The suprarenal glands are slightly congested. The kidneys
are enlarged. The capsule is easily detached. On section slight hyperaemia
of the boundary zone is noted

;
reddish and yellow striations are seen in the

cortex
;
the consistence is somewhat soft. Microscopical examination shows a

fatty degeneration of the tubuli recti. The first, second, and third stomachs
show no changes. The mucosa of the fourth stomach is slightly swollen and
diffusely hyperaemic; some haemorrhagic spots are noted. The small intestines
show diffuse hyperaemia; the small vessels are injected. Numerous nodules are
present in the walls of the jejunum and ileum; in the large intestines they are
less numerous. The mucosa shows a slight diffuse hyperaemia. The mesentery
is moist.

Pathological Anatomical Diagnosis.—Hydrothorax. Dilatation of left

ventricle. Oedema and atelectasis of anterior lobes of lungs. Stasis and fatty
degeneration of liver. Hyperaemia and fatty degeneration of kidneys. Slight
tumor splenis. Oedema and hyperaemia of abomasum. Hyperaemia of

intestinal mucosa and Helminthiasis nodularis.
Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was fed for 26 days with leaves of Vangueria pygmaea.

It died on the 65th day after commencement of feeding of the plant. The
lesions of gousiekte were well developed in the heart as well as in all the organs
that can become affected as a result of an impaired heart action. Parasitic
infection was very conspicuous.

9. Sheep DOB No. 2303.—Six-tooth Merino sheep (see Experiment 22),
died 25.1.21. Rigor mortis is present. The condition is fair. The abdomen
is sunken. The autopsy was made one hour after death. The integument is

intact. The natural openings are closed. The visible mucous membranes show
no changes. The blood stains well. The flesh appears normal. The sub-
cutaneous tissue shows the fat deposits well developed. The peritoneal cavity
contains three litres of -clear, slightly red stained liquid. The salivary glands
show no changes. The retropharyngeal lymphatic glands appear to be normal.
The tongue shows nothing unusual. The oesophagus contains traces of ingesta.
The larynx shows nothing unusual. The cervical portion of the trachea contains
froth. The lungs are contracted. The vessels of the pleura are injected.
The pulmonary veins and arteries appear normal. The bronchi and trachea
are filled with yellowish froth. The mucosa is slightly injected. The apical

lobes are greyish red in colour, solid on section. The tissue is moist and fresh-

like. A fair amount of liquid is present in the pleural cavity. A small amount
of clear liquid is noted in the pericardium. The heart is enlarged. The
vessels stand out prominently. The right ventricle contains a big blood clot.

The endocardium shows nothing unusual. The left ventricle is also dilated and
distended, with a clot. The myocardium is somewhat pale, greyish, firm. The
aorta shows nothing unusual. The periportal glands are moist on section. The
liver appears normal in shape and size. The capsule is smooth and glistening.

The lobulationi is fairly distinct. The vena cava, caudalis shows nothing unusual.
The gall-bladder is filled with a dark green bile. The mucous membranes are
slightly injected. The dimensions of the spleen are 7x6x1 cm. The
parenchyma is soft and deep red. The suprarenal glands show nothing
unusual. The capsula adiposa of the kidneys is well developed. The capsula
fibrosa is easily detached. On section the zones are distinct. The consistence
is firm. The abomasum shows the usual ingesta. There is nothing unusual
in the omasum. The reticulum and rumen show nothing of interest. The
mucosa of the small intestines is pink-red throughout. Small and large hard
nodules are present in the walls of the large intestines. The bladder is empty
and contracted.

Microscopic Exam i no t io n .

Heart .—The veins are filled with blood. In the capillaries between the
fibres in some places are small foci of fibroblasts. These are, however, rare.

Round cells appear more abundant in some places, but are by no means very
numerous. In some places the nuclei of the muscular fibres appear to be
increased in number. In one place is an increase of interstitial connective
tissue. The fibres in this portion are cut crossways, and vary much in thick-

ness. A fair quantity of normal fat is present under the epicardium and in

the interstitium. Sarcosporidia are present. One of these parasites is seen
to occupy a Purkinje’s fibre.

Liver (Sudan Section).—The centre of the lobules shows a less dense
structure than the periphery, the cytoplasma being transparent. It contains



61

small granules stained with Sudan. In the intermediary zone of the lobule

the Sudan-stained granules are crowding the cells, and the granules are of

larger size. The cells with the fat granules form a distinct ring around the

centre. In several places the central zone of one lobule is confluent with that

of a neighbouring one, so that the peripheral portion of the lobule, including

the septum, stands isolated in the meshes of a Sudan-stained network. The
central veins are distended, but empty. The vessels in the septa contain

blood. The capillaries of the central portion contain some blood. In the

Haematoxylin-Eosin the nuclei in the cells of the transparent central zone

appear misshaped and smaller and somewhat darker than those in the periphery,

where they are of normal size and shape. In some of the cells the nuclei are

missing; in others they are unusually pale. Some of the nuclei have broken

up into small granules, globular or angular, and are deeply stained. In some
colls the chromatin granules are grouped together, whilst in others they are

distributed throughout the cells.

Kidneys (Sudan).—The tubuli contorti take the Sudan stain rather diffusely.

Both the lumen and the epithelial lining are stained, but the latter more
markedly, and in some places Sudan-stained minute granules can be recognized.

Some of these reach a fair size, appearing as droplets. The diffuse staining is

also noted in the epithelial lining of the thick linings of Henle’s tubes.

HaematOxylin-Eosin .—The tubuli contorti take the Eosin stain deeply, and
both epithelium and lumen are stained. The epithelium is somewhat darker.
The substance in the lumen appears in parts vacuolated, particularly where no
nuclei are present, and the staining thus reveals the pressure of a substance
that lias become inspissated and partly contracted. In some places the tubuli

contorti are uniformly distended, deep red, and devoid of any structure, the
nuclei being absent in some parts; where they are present they stain deeply

and are compact. In the intermediary zone are areas in which the blood-vessels

are filled with blood. In the pars convolnta in some places are small densely
crowded foci of round cells; some of these foci are circular, some are irregular.

The cells are filling the spaces between the tubuli.

Spleen .-—In some of the malpighian bodies are small groups of cells contain-

ing fat (Sudan stained). It appears to form minute granules closely crowded
in the cell-body. In some parts of such a collection the texture of the tissue

is loose, and there the lymphocytes are absent and larger vesicular nuclei are

visible, taking the stain faintly. The pulp contains blood uniformly dis-

tributed, but not obscuring the pulp structure. Between the red corpuscles

are small lumps of a brown pigment. They are present in some parts more
numerously than in others. The colour of the pigment is rust-brown. Some
of the malpighian bodies show in the germinative centre an accumulation of

Sudan-stained granules. The circumference of these bodies is well marked by
crowded lymphocytes. In the Haematoxylin-Eosin section the malpighian
bodies that show Sudan-staining appear transparent. In these places the
nuclei are but faintly stained

;
most are elongated. Others contain granules of

chromatin, some of which are collected and form clusters. The cytoplasms in

some of these cells takes a pink stain. The capillaries of these bodies are
filled with blood.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Myocarditis pro-
duc-tiva. Stasis et sarcosporidiosis myocardii. Stasis, fatty degeneration and
atrophy of the liver. Nephritis interstitialis chronica, fatty degeneration and
necrobiosis of the tubuli contorti et recti. Slight tumor splenis, haemosiderosis,
and fatty degeneration of the lymph follicles. Hydrothorax and ascites.

Oedema and atelectasis of the lungs. Enteritis catarrhalis and Helminthiasis
intestini (Oesophagostomum columbianum).

Etiological Diagnosis.—Gousielcte.

Epicrisis .—Sheep 2303 was sent to Witfontein on 14.12.20 and returned on
30.12.20 to Onderstepoort. It was fed for a period of 16 days on Vangueria
pygmaea. It died on 25.1.21 of gousiekte, viz., 42 days after commencement
of feeding, or 25 days after discontinuation. The striking lesions found were
the enlarged heart, both ventricles being dilated and filled with blood. On
microscopical examination the vessels and capillaries of the myocardium were
noted to contain much blood, and the phenomenon was interpreted as that of
stasis. The round cells, the fibroblasts, which were seen in some parts of the
heart, and the fibrillar tissue were interpreted to be those of a productive
inflammatory process. It appears that the activity of the heart had been
interfered with for some time and that the stasis was the final stage
m the evolution of these lesions. This stasis was lesponsible for the alterations
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in the liver, the ascites, hydrothorax, and atelectasis. The tumor splenis can
also be considered to be the sequel as well as the fatty degeneration of the
follicles and the haemosiderosis. It is possible that the changes in the kidney,
interpreted as a nephritis interstitialis, are partly primary and partly
secondary, the former of a toxic nature and identical in origin to the myocarditis
produetiva. Considering the well pronounced dilatation of the heart and all the
sequelae connected with a weak heart, it is surprising not to find more extensive
histological changes in the heart such as those noted in the other cases
described. This apparent discrepancy might find an explanation in the selec-

tion of the muscle for histological examination, when the striking lesions were
missed. Nevertheless, sufficient alterations were present to recognize the
nature of the process.

10. Sheep T)()B No. 2111.—Four-tooth Merino hamel (see Experiment 22),
died 28.1.21. Rigor mortis is present in the hindquarters. The condition is

fair. The abdomen is slightly sunken. The integument is intact. The natural
openings are closed. The visible mucous membranes are pale. The blood stains
fairly well. The flesh shows nothing unusual. The subcutaneous tissues show
the fat fairly well developed. The peritoneal cavity contains 1 litre of yellow
clear liquid. The salivary glands show nothing unusual. The lymphatic glands
of the mediastinum are slightly enlarged and moist; also the retropharyngeal,
which at the same time are red. The thyroid glands show nothing unusual. The
tongue appears normal. The oesophagus contains traces of ingesta. The
thoracic aorta shows no changes. The larynx and trachea contain greyish mucus
and traces of froth. The mucous membrane is slightly injected. Parts of the
lungs are collapsed. The pleura is greyish pink, smooth, and glistening. The
parts that are collapsed have a compact consistency. The pleura of these parts
has a pinkish tinge. The pulmonary veins and arteries contain blood. The
bronchi and thoracic trachea contain a little froth. The parenchyma of the
main lobe is greyish pink, elastic, and on pressure, blood and air escape. The
parenchyma of the compact parts is reddish, flesh-like, and on pressure, froth

escapes. The bronchi of this region contain viscid mucus. The mucosa is slightly

injected. The pericardium contains 10 c.c. clear liquid. The heart is very much
dilated. A fair amount of fat is present under the epicardium. It is of normal
consistence. The vessels of the epicardium are well marked, filled with blood.

A few patechiae are present. The right ventricle is dilated and a blood clot is

present. The endocardium shows injected vessels and a few patechiae. The
left ventricle is also dilated. A blood-clot is also present. The endocardium
is similar to that of the left ventricle. The myocardium of the left ventricle
forms a thin wall

;
it is of greyish-red appearance. The vessels are marked dis-

tinctly. The liver shows the usual shape and size. The borders are sharp.
The capsule is bluish red. Under the caudal surface are noted a few echinococci
cysts. The vena cava caudalis and vena porta appear normal. The parenchyma
of the liver is moist; on section, blood oozes out. The lobulation is distinct.

The central veins are distended. A brown-greyish zone is surrounding them.
The consistence is very friable. The ductus choledoctus is open. The ductus
hepaticus shows nothing unusual. The gall-bladder contains a sticky greenish
dark bile. The dimensions of the spleen are 10x7£x2 cm. The borders are
sharp. The capsule is steel-blue. The parenchyma is slightly pulpy and moist.
The suprarenal glands show nothing unusual. The capsule adiposa of the
kidneys is well developed. The capsula fibrosa is easily detached. The surface
is bluish red. On section the zones are not very distinct. Blood flows off freely.

The cortex is slightly swollen. The consistence is rather friable. The abomasum
contains a small amount of semi-liquid ingesta. The mucous membrane is black-
bluish, red spotted. The rumen, reticulum, and omasum contain greenish soft

ingesta. The mucous membranes of the fore-stomachs show nothing unusual.
The mucosa of the small intestines is deep to dark red in colour and shows
red spots and streaks. It is swollen in parts. A number of nodules are present
in the wall. The mucous membrane of the large intestines shows nothing
unusual. The wall contains also numerous small and large nodules. The
mesenteric glands and the mesentery show nothing unusual. The bladder is

contracted and empty.

Microscopic Examination.
Heart (Sudan).—Some sarcosporidia are present. The capillaries between

the fibres contain red corpuscles. Also some of the larger vessels contain blood.

A number of muscular fibres show a slight fat reaction, appearing as very
minute dust-like particles. In various parts of the section is an increase of

connective tissue cells; in these portions the muscular fibres appear more trans-

parent. In other parts is an increase in round cells; these cells appear to
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collect along the tracts of the blood-vessels. Generally speaking, in several

places, the number of cells between the fibres seems to be increased, succeed-

ing each other closely and even crowded in parts. In these parts, the muscular

tissue is decidedly more transparent. Haematoxylin-Eosin : The cross-striation

of the fibres is noti very clear; otherwise the conditions appear as described

in the Sudan-stained section.
v

Liver.—The Sudan reaction is distinct in the cells of the intermediate zone

of an acinus, occupying fully one-third of the acinus. The fat globules are of

various sizes; some occupy the whole liver-cell and obscure the nucleus. The
portion around the central veins is filled with blood-corpuscles, and the trabe-

culae can no longer be recognized. In the mass of blood are seen nuclei, irre-

gularly placed, some showing the character of liver-cell nuclei. Remnants of

liver-cells are present, laden with fat. In the periphery of the acinus the liver-

cells are intact; this intact portion amounts to less than one-third of the

periphery. The number of connective tissue cells is slightly increased in the

septa. Haematoxylin-Eosin : The nuclei that are seen in the blood conglomerate

can be recognized to be Kupfer stellate cells; occasionally also a nucleus ol a

liver-cell is noted, but the mass of blood obscures all liver structure.

Kidney.—Sudan shows the presence of fat in the striated portion of the

cortex, particularly in the epithelial lining of Henlc’s loops. Practically no

reaction is noted in the tubuli contorti. The glomeruli fill the greater portion ol

the capsule; in most, however, some space is left, which is occupied by a trans-

parent mass, assuming in some glomeruli a drop-like formation. Haematoxylin-
Eosin : The translucent mass of the glomeruli, described in the Sudan-stained
section, shows a pinkish staining. In some parts the tubuli contorti are

uniformly stained without any detail of the structure being recognized, most
nuclei being deficient. Blood is present in the vessels of the intermediary zone
and medulla, and also the vessels of the striated portion are filled.

Spleen.—Haematoxylin-Eosin : A considerable amount of blood is present

in the pulp; also brown granular blood-pigment. In some places this pigment
is crowded.

Pathological Anatomical Diagnosis.—Dilatatio cordis. Myocarditis
chronica. Slight fatty degeneration. Hyperaemia

;
sarcosporidiosis of the

myocardium. Stasis of the liver. Atrophy of liver-cells. Fatty degeneration;
cirrhosis. Albuminuria

;
fatty degeneration ; hyperaemia of kidney. Tumor

splenis. Hydrothorax. Atelectasis and oedema pulmonum. Gastro-enteritis

catarrhalis. Helminthiasis nodularis intestini (Oesophagostomiasis).
Etiological Diagnosis.—Gousiekte.
Epicrisis.—Sheep 2111 was sent on 14.12.20 to Witfontein and was fed

there on leaves of Yangueria pygmaca collected from the red soil, until the
30.12.20, or a period of 16 days, when it was returned to Onderstepoort. It

died on the 28.1.21 of gousiekte, i.e. 45 days after feeding was commenced, or 29
days after it was discontinued. The striking lesions were in the first instance
the myocarditis productiva. The sequelae that can be explained as a result of

an impaired heart action were present, so that the case represents one of typical
gousiekte.

11. Sheep Dolt No. 2985.—Six-tooth Merino hamel (see Experiment 23),
died 5.2.21. The condition is fair. The visible mucous membranes are somewhat
pale. The blood is not coagulated; it stains well. The flesh is light in colour.
The subcutaneous tissue is somewhat moist. No foreign contents are noted in

the peritoneal cavity. The omentum is poor in fat. The pleural cavities contain
a normal amount of fluid. The retropharyngeal, mediastinal, and lymphatic
glands are somewhat moist. Tongue and oesophagus show nothing unusual.
The pleura is smooth and shining. The parenchyma of the lung on section is

somewhat moist; a good deal of liquid escapes from the cut surface. The colour
is pale; some foam and clear yellowish fluid are present. The pulmonary vessels
show nothing unusual. The vessels of the trachea are slightly injected. The
pericardium contains about 10 c.c. yellowish clear fluid. The heart is flabby.
The right ventricle of the heart is slightly dilated

;
the epicardiac vessels are

injected. Neither the right nor the left endocardium shows any changes. The
myocardium is somewhat pale. Colour and consistence of the liver shows nothing
unusual. The lobulation is distinct; a white periphery stands out well against
the brownish centre. The capsule of the spleen shows nothing unusual. The
pulp is slightly swollen. The consistence is soft. The malpighian bodies are
abnormally prominent. Fat is present in the capsula adiposa of the kidneys.
The fibrosa strips off easily. The substance of the kidney shows no changes.
Rumen, reticulum, omasum, and abomasum appear normal. The wall of the
small intestines shows numerous small nodular protrusions. Small haemorrhagic
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areas are present, varying in size from that of a pin to a bean. The mucous
membrane is slightly swollen

;
in some places the vessels are injected. The

walls of the large intestines show numerous small nodules. The mucous
membrane of the colon is swollen. Adults of Oesophagnstomurn columbianum
are present, and hyperaemic patches are also noted.

Microscopi c Exam i nut io ri.

Heart (Sudan ).—Only an occasional fibre is seen giving the fat reaction.
Haematoxylin-Eosin : The striation of fibres, particularly the longitudinal one,
is fairly distinct. Very conspicuous are the capillaries between the muscular
fibres filled with red corpuscles. There is an increase of white cells between
the fibres; these cells correspond in description to fibroblasts in some instances;
in others, they are large round cells with a fairly faint stained nucleus and
an inconspicuous protoplasma. Some nuclei are oval-shaped. In some parts
tiie cells occupy the place apparently taken previously by muscular tissues.
An accumulation of round cells is, in certain parts, forming loose foci. The
nuclei of these cells are deeply stained, and but little protoplasma is present.
In a cross-section fairly numerous sarcosporidia are seen.

Liver .—Sudan gives no fat reaction. Haematoxylin-Eosin: The capillaries
between the trabeculae are fairly well distended with blood. In some places
open spaces are left between the trabeculae and the capillaries. The central
veins are empty. They are distended

;
the surrounding cells show some pigment,

which is more conspicuous in the Sudan-stained section.
Kidney .—Sudan gives no fat reaction. Haematoxylin-Eosin: Some foci in

the intermediary zone are noted, in which an accumulation of round and fibro-

blastic cells is present. Thecse foci are placed along the blood-vessels, which
are distended, containing much blood; the foci have a longitudinal shape.
Some extend from the intermediary zone into the medulla; the section in this

portion is of somewhat patchy appearance.
Spleen .—Sudan gives no fat reaction. Haematoxylin-Eosin: The pulp is

fairly rich in red corpuscles.
Pathological Anatomical Diagnosis .—Dilatatio cordis. Myocarditis produc-

tiva. Stasis and sarcosporidiosis of the myocardium. Slight stasis and lipofuscin.

pigmentation of the liver. Nephritis fibro-plastica interstitialis. Slight oedema
pulmonum. Tumor splenis. Helminthiasis nodularis iintestini (Oesophagosto-
miasis). Enteritis catarrhalis.

Etiolog ical Dia gnosi s.—Gousiekte

.

Epicrisis .—Sheep 2985 was sent to Witfontein on 29.12.20 and remained
there until 11.1.21, or a period of 13 days, during which time it was fed on
leaves of Vangueria pygmaea. The sheep died on 5.2.21 of gousiekte, i.e. 38
days after commencement of feeding, or 25 days after discontinuation. The
lesions found were those of a myocarditis productiva, in which the collections of

round cells were the predominant feature, thus indicating a more recent stage
in the evolution of this otherwise chronic process. The usual secondary lesions

resulting from impaired action were absent. Also in this instance a nephritis
chronica was diagnosed, the interpretation of which would be in support of the
view that it was directly caused by the toxin responsible for the heart lesions.

The slight anaemia and anasarca can be explained by the presence of the
oesophagostoma infestation.

12 .—Sheep DOB No. 2935.—Four-tooth Merino hamel (see Experiment 23),

died 18.2.20. Rigor mortis is present. The condition is poor. The abdomen is

distended. The natural openings show nothing unusual. The mucosa of the
mouth is pale. The blood is coagulated. The subcutaneous tissue appears
normal. The peritoneal cavity contains about 100 c.c. clear licpiid. The
diaphragm is convex forward. The pleural cavities contain 20 c.c. clear

yellow liquid. The retropharyngeal and cervical lymphatic glands are slightly

swollen, brownish, and moist, likewise the submaxillaries. The thyroid, tongue,
and oesophagus show nothing unusual. The mucosa of the pharynx, of the
larynx, and trachea is pale. The trachea contains some semi-liquid food and
some foam. The lungs are larger than normal. They are elastic; their colour

is brick-red. A few nodules can be felt, which are easily removed from the
tissue. The bronchi are full of foam. The lung tissue on section is dark brick-

red. Blood and foam are oozing freely. The pericardium contains 10 c.c. clear

yellow fluid. The epicardium shows fat in the coronary furrows. The left

ventricle is dilated ; dark blood clots are present. The endocardium shows
nothing unusual; likewise the right endocardium. The myocardium is very
pale and opaque. The liver shows the usual shape and size. On the diaphrag-
matic surface is a white patch the size of a shilling piece; its surface is rough
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and wrinkled. The tissue underneath is firm, and on section the presence of a

cyst is revealed with a thick wall that contains a cysticericus bladder. The
liver tissue on section appears pale red-brown; the lobules are hardly visible;

the consistence is firm. The pancreas shows nothing unusual. The dimensions
of the spleen are 10x7x2 cm. On section the pulp is soft, reddish brown:
both trabeculae and malpighian bodies are visible. The cortex of the suprarenal
glands is reddish brown. The medulla is pale. The capsule adiposa of the

kidney contains a small amount of fat. The fibrous capsule is easily detached.
The surface of the organ is reddish brown. On section the cortex appears
brownish. The intermediary zone and medulla are dark pink. Rumen, reticulum,
omasum, and abomasum show nothing unusual. The mucosa of the duodenum is

slightly swollen and contains numerous dark red points and patches; likewise

the mucosa of the jejunum, which contains a few nodules. The ileum shows
nothing abnormal. In the walls of the caecum and colon numerous nodules
are present. The mesenteric lymph glands are slightly swollen. On section they
are brownish and moist.. The bladder shows nothing unusual.

Microscopic Examination.
Heart .—Sudan shows no changes in the muscle fibres indicating fatty

degeneration. Generally speaking, the fibres show a distinct cross striation.

The capillaries are filled with blood, and in several places contain a double row
of corpuscles. There is a patchy appearance of the section due to connective
tissue formation. The majority of cells are spindle-shaped, fairly rich in

chromatin
;

they correspond to fibroblasts. There are large round cells

between them and are particularly found alongside a vessel which traverses the

patch. The muscular fibres are interrupted in this portion; some are broken
and the fibrils spread out. Similar cells, round and fibroblasts, are also seen
in other parts of the muscle where the fibres are as yet intact. Sarcosporidia
are present.

Kidney .—Sudan gives no fat reaction, but some of the tubuli contorti show
diffuse brown staining. The same staining is also shown by the serum in the
distended blood-vessels of the cortex, the distension being unusual.
Haematoxylin-Eosin : Also with this stain some of the tubuli contorti show a

diffuse staining; generally, however, the difference between periphery and
lumen is noticeable 1

. Most of the glomerules are somewhat contracted, leaving
a clear space, which in some is filled with a homogeneous pinkish substance.
The capillaries between the tubuli recti contain blood.

Spleen .—Sudan shows no reaction; the follicles are distinct. Haematoxylin-
Eosin : A fair amount of blood is present in the pulp.

Pathological Anatomical Diagnosis .-—Dilatatio cordis. Myocarditis
chronica. Hyperaemia of myocardium. Sarcosporidiosis. Ascites. Slight
stasis in kidney and cloudy swelling. Echinococcus cyst in liver. Slight tumor
splenis. Hyperaemia of lymph nodes. Hyperaemia and oedema of lungs.
Echinococcus cysts in lungs. Enteritis catarrhalis. Helminthiasis nodularis
intestini.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 2935 was sent to Kaalfontein on 29.12.20 and was fed

there on leaves of Vangueria pygmaea until 11.1.21, i.e. for a period of 13
days, when it returned to Onderstepoort. The sheep died on 18.2.21, i.e. 51
days after feeding was commenced, or 38 days after it was discontinued.

The lesions of a chronic myocarditis were present and well developed. The
sequelae usually noted in this connection were absent or but slightly developed.
There was an anaemic condition present, which can be explained as a result of

the Helminthiasis, which was fairly pronounced.
13. Sheep DOB No. 3059.—Aged Merino hamel (see Experiment 23), died

14.2.21. Rigor mortis is present. The condition is fair. The abdomen is

slightly distended. The integument is soiled. The natural openings and
visible membranes show nothing unusual. The blood is badly coagulated. The
subcutaneous tissue of chest and neck is pale in colour. The organs of the
peritoneal cavity are lymphatic and much distended with gas. The diaphragm
is forward convex. The lymphatic elands appear slightly swollen. They
are moist on section and pink to dark red blue. Tongue and oesophagus show
nothing unusual. The mucosa of the pharynx is slightly blue. The epiglottis
is bluish pink. The trachea contains a fair amount of white froth. The
mucous membrane is somewhat reddened, some of the vessels showing up as
blue streaks. The bronchi, like the trachea, shows a similar condition, but
more intense and marked. The lungs are but little collapsed. The surface
is smooth and glistening. The colour is intense red to reddish blue, the inter-
lobular septa show up very prominently on the anterior and cardiac lobes.
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There is a slight adhesion between the upper portions of the anterior lobes.

The lung feels less elastic than normal; pits remain on pressure. On section
a considerable amount of red frothv material comes from the cut surface. The
pericardium contains a very small amount of clear fluid. The epicardium
is dark reddish blue; otherwise nothing unusual is noted. Both ventricles
contain a fairly large dark blood clot

;
the endocardium is light pink. The

myocardium is reddish brown with red spots very prominent. The consistence
is firm. The periportal lymphatic glands show nothing unusual. The liver is

of normal shape, but appears slightly shrunken. The edges are very thin and
sharp. The surface is smooth. The colour is slate-blue, with very slight

evidence of lobulation. On palpitation the main bile-ducts feel very hard.
On section a very small amount of blood escapes from the cut surface. The
substance of the liver is of a bluish-brown colour. The gall-bladder contains
a considerable amount of turbid yellow bile and of less viscous consistence
than normal. The pancreas are normal in colour and consistence. The
dimensions of the spleen are llx9xl|. It appears slightly swollen. The
pulp is somewhat soft, the malpighian bodies bulging out slightly over the
surface. The colour of the pulp is red with whitish spots. A considerable
amount of fat is present in the pericapsular tissues of the kidneys. The
fibrous capsule is easily detached. Both kidneys on section show the cortex
to be of a yellowish colour with radial reddish striations. The malpighian
bodies are distinct. The medulla is rosy pink. The abomasum is slightly

distended with gas. A small quantity of fairly dry ingesta and some haemonchi
are present. The omasum shows nothing unusual. The recticulum contains
a small amount of solid ingesta fairly moist. The rumen shows nothing
unusual. The mucous membrane of the duodenum is normal in colour. A
few nodules, varying in size from that of a pin-head to a split-pea, are present
in the jejunum. The ileum contains a small amount of white opaque material.
Nodules are noted towards the caecum, where they are very prominent. The
mucous membrane in this region is slightly thickened, and of a dirty yellow
colour; reddish patches are noticeable at various places. This condition is

more intensely marked as the caecum is approached. The walls of the colon
also contain nodules; otherwise, nothing unusual is noted. In the rectum are
a few nodules. The bladder is empty; otherwise, it shows nothing unusual

Microscopic Examination.
Heart .—Sudan gives no fat reaction, except in the normal depots of the

intestitial tissue. Some sarcosporidia are present. The striation of the neck
fibres is distinct. The capilliaries are very conspicuous; most of them are
filled with corpuscles arranged in double and even triple rows; also the larger
vessels are distended. Haematoxylin-Eosin : Both longitudinal and cross

striations can be recognized.
Liver .—Sudan gives the fat reaction only in a few places and in the

periphery of the acinus along the septum. The intra-trabecular spaces are
distended in somq places and filled with red cofpuscles. In other places
corpuscles are absent and the spaces are empty. The acinus has a loose

structure and is transparent. Haematoxylin-Eosin : The liver-cells take the
eosin rather deeply. In some places it would appear that the regular radiate
structure of the acinus is disturbed. The trabecidae are irregularly shaped,
and between them are conspicuous empty spaces. The blood-vessels are
retracted in the spaces occupying the central portion.

Kidney .—Sudan gives no fat reaction. The tubuli contorti show in some
places a deeper blue staining than in others. Haematoxylin-Eosin ; In the
cortex the tubuli contorti take also a deeper colour in some places, and so

produce a patchy appearance of the section. In these tubules the lumen is

filled with protoplasmatic substance. The glomerules are rich in blood and
fill the capsule almost completely. The blood-vessels contain much blood. The
capillaries between the tubules are in many places distended, especially towards
the intermediary zone. Occasionally a glomerule is atrophic.

Spleen (Haematoxylin-Eosin).—A considerable amount of blood is in the
pulpa, masking all other elements.

Pathological Anatomical Diagnosis .—Acute stasis of the heart and sarco-

sporidiosis. Atrophy, fatty degeneration and oedema and hyperaemia of

lungs. Stasis and cloudy swelling of the liver. Cloudy swelling of the kidneys.
Tumor splenis. Oesopliagostomum columhianvm

.

Enteritis parasitica.

IIaemonchus contortus.
Etiological Diagnosis.—Verminosis.
Epicrisis .—Sheep 30C9 was sent to Kaalfontein on 29.12.20 and returned

to Ondcrstepoort on 11.1.21. It was fed for 13 days on Vangueria pygmaea.
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It died on 14.2.20, or 47 days after feeding had commenced, or 34 days after it

was discontinued.
Death thus occurred within a period typical for gousiekte after feeding Yan-

i) ueria pygmaea. No le»ions were, however, found that could be connected with
the feeding of Vangueria. An acute stasis was found in the myocardium, which
can be interpreted to be a result of heart failure. This is possibly the sequel

of the kidneys parasitic infection due to oesophagostomiasis. The degenerative
processes mentioned in the liver and kidneys and the tumor splenis may be
partly the result of a stasis caused by verminosis. The case is of particular
interest because, notwithstanding the feeding of the plant for a period of 14

days, no lesions were found in the heart that could definitely be connected with
the plant.

The experience has shown that not all sheep that eat Vangueria pygmaea
leaves die of gousiekte. It was thought that not sufficient lesions would be

produced to cause death. It thus appears that not all sheep are affected by
the toxic principle in the plant.

14 .—Sheep DOli No. 3142.—Aged merino liamel (see Experiment 24). died

5.3.21. Rigor mortis is not well marked. The condition is fair. The abdomen
is distended. The visible mucous membranes are pale. The muscular and
subcutaneous tissue in the cervical region shows a bloody exudate. The blood

is not coagulated. The flesh has a dark colour. In the peritoneal cavity
nothing unusual is noted. The diaphragm is forward convex. In the
pleural cavities is a large amount of clear fluid (11 litre). The retropharyn-
geal lymphatic glands are slightly swollen; the mediastinals show nothing
unusual

;
the left bronchials are slightly watery. The mediastinum shows a

fair amount of fat. The tongue is pale. The oesophagus shows nothing
unusual. The mucosa of the pharynx is light in colour

;
also that of the

larynx. The mucosa of the trachea is slightly injected, and some foam is

present in the lumen. The lungs appear brown in colour; the lower border
especially. The apical lobe of the right lung is collapsed and solid. On section

of the main lobe, blood is oozing out. It is of a dark red colour. The left

lung shows a similar condition. The bronchi contain foam; also the thoracic
trachea. The pericardium shows nothing unusual. The heart is flabby

;
a

fair amount of fat is present at the base. The left ventricle is much dilated
;

the w7all is thin. Some blood is present. In the right ventricle is a large
blood clot. The endocardium shows nothing unusual. The epicardium is

slaty-blue in colour. The myocardium is very thin and light brown. The
coronary vessels show nothing unusual. The periportal lymphatic glands are
slightly swollen. The liver is normal in size and fairly firm on touch. It has
a chocolate colour. On section it is fairly friable

;
blood is oozing out freely.

The gall-bladder is distended with dark green bile. The pancreas shows no
changes. The dimensions of the spleen are 105x7x1.8 cm. The capsule
shows nothing unusual. On section the pulp appears dark brown. The
suprarenal glands are dark. The adipose capsule of the kidneys shows a fair

amount of fat. The left kidney shows on section the medulla light brown.
The cortex is slaty-blue. The capsule is easily detached. The right kidney
shows similar conditions. The rumen contains much solid ingesta. The
mucosa shows nothing unusual. Reticulum and omasum also contain ingesta.
In the abomasum some semi-fluid food is present. The mucosa shows no
changes. The duodenum contains yellow mucus, and a few nodules are present
in the wall. In the jejunum, nodules are more frequent; likewise in the ileum.
The mucosa of the ileum and part of jejunum is covered with a whitish
substance. In the wall of the caecum and the colon numerous nodules are
noted. They have a pimple-like appearance and are reddish. The mesenteric
glands show nothing unusual. The mesentery is fairly rich in fat. The bladder
is empty. The mucosa shows no changes.

Microscopic Examination.

Heart (Sudan).—Sarcosporidia are fairly numerous. A number of fibres

show distinct reaction in the form of very minute granules which, however,
only in a few places obscure the cross striation. In some places it is very
marked. Tho«e places also show a cellular infiltration between the fibres.

Practically between each fibre the capillaries are filled with red corpuscles, in

many cases containing double rows of corpuscles. Generally, the fibres or
bundles of fibres are separated from each other by clear spaces, in which a
transparent substance is present, and in which in certain places an increased
number of vesicular nuclei is well marked. Haematoxylin-Eosin : The substance
between the fibres shows a slight pinkish, very finely granular, or somewhat
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thready appearance, filling the whole space and isolating the Purkinje fibres

entirely. In these spaces round cells are seen as well, and also elongated oval
cells; only in a few places are these densely accumulated. The round cells,

where appearing more or less isolated, show the nucleus not to be deeply
stained, and the chromatin substance arranged in small granules placed towards
the nuclear membrane, and in a central portion as well. A cytoplasma in the
majority of cells cannot be recognized; in some, however, it is distinct, and
m these instances the nucleus as well appears somewhat larger, but of the same
description. Some of the muscular fibres or fibrils appear interrupted, and in

the gaps so formed cells and transparent substance is present.

Liver (Sudan).—The central portion of the acini appears transparent, due
to the distension of the capillaries with blood. All the cells of the lobules show
the presence of fat granules. These are small, and only in a few instances do
they coalesce to form a larger granule. Haematoxylin-Eosin : Somewhat an
irregular texture of the acinus is noticeable, due to the engorged capillaries.

Some of the liver cells show vacuoles.

Kidney (Sudan).—A slight diffuse staining of the tubuli contorti is noted
besides the presence of fat granules. The texture of the tissue appears loose,

transparent. The spaces between the tubuli contorti are filled with a somewhat
glistening substance, fairly rich in cells, which cells are mostly of the con-
nective tissue type, elongated and narrow. Haematoxylin-Eosin : The tubuli
contorti show a pinkish appearance, and in many places the nuclei are present,
and the protoplasma fills the whole lumen. The increase of intertubular con-
nective tissue in some places is quite conspicuous. Some glomerules are
atrophied and small. The blood-vessels of the medullary portion contain much
blood.

Spleen .—Sudan gives a reaction only in one glomerule. Haematoxylin-
Eosin : The pulp appears fairly rich in blood. The reticular substance in some
places is quite distinct and homogeneous.

Lungs (Haematoxylin-Eosin).-—The capillaries contain much blood, so

that the alveolar septa appear thicker and the alveoli smaller than usual.
Some of these contain a homogeneous substance and red corpuscles. The
interlobular septa appear white and also contain a translucid substance very
poor in cells. The cells are of the round type, mostly very little protoplasma;
some are still smaller with a dense nucleus, some are large with a granular
nucleus. These cellular infiltrations are most pronounced in the adventitia of

some of the vessels, and in the outer sheath of the bronchi. The mucous
membrane of some of the bronchi is slightly folded, of others it is stretched.

Some of the alveoli shows broken walls, and their lumens are coalescent. In
another section of the lungs the distension of the capillaries is so pronounced
that the alveoli are compressed to small spaces, and in the spaces large cells

with large nuclei are seen. In another section the texture appears compact,
with very few clefts, the compactness being caused by the congestion of

capillaries, desquamated cells, and presence of pinkish, homogeneous substance.

Pathological Anatomical Diagnosis.—Hydrothorax. Dilatatio cordis.

Atrophy of the myocardium and fatty degeneration. Myocarditis chronica.
Sarcosporidiosis. Fatty degeneration and stasis of the liver. Fatty degenera-
tion of the kidney. Chronic nephritis interstitialis and cloudy swelling.
Tumor splenis and hypertrophy of the reticular tissue. Oedema of the lym-
phatic glands of head and neck. Emphysema, oedema, atelectasis, and
hyperaemia of the lungs. Pneumonia interstitialis and desquamativa. Stasis
of the subcutaneous tissue and in the musculature. Enteritis catarrhalis.
Helminthiasis intestini (Oesophagostomnm colvmbianum).

Etiological Diagnosis.—Gousiekte.

Epicrisis .—Sheep 3142 was sent to Witfontein on 11.1.21. It returned
to Onderstepoort on 25.1.21, having been fed on Vangueria pyginaea for a
period of 14 days. It died on 5.3.21, or 53 days since the day feeding of the
plant commenced, or 39 days after feeding was discontinued. The case would
thus represent one of slow development, the pathological picture being in
accordance with a chronic evolution.

The dilatation of the left ventricle was marked. It was associated with a

myocarditis chronica and fatty degeneration of the myocardium. The lesions of
the hydrothorax was a sequel to the insufficiency of the heart, and the
atelectasis a sequel to the former; also the fatty degeneration of the liver
must be considered to be a sequel to a general stasis, as well as the hypertrophic
reticulum of the spleen

;
likewise the stasis noted in the subcutaneous tissue

and in the lymphatic glands of the neck.
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The nephritis chronica may be of an intercurrent nature; but, considering

the action of the toxic principle causing productive lesions in the heart, there

is some cause for suspecting lesions in the kidney to be of the same origin.

13. Sheep DOB No. 3092.—Four-tooth Merino sheep (see Experiment 25),

died 25.2.21. Rigor mortis is not complete. The condition is fair. Ticks are

found in the ears. Pus-like mucus is noted in the nostrils. The mucosa is

pale. The blood escaping from the axillary veins is not coagulated. The

flesh is moist and somewhat pale. A fairly large blood extravasation is present

in the subcutaneous tissue in the region of the right shoulder. The peritoneal

cavity shows the presence of liquid. The situs viscerum is normal. The

pleural cavities contain some colourless fluid. The tongue is pale. The

oesophagus shows no changes. The mucosa of the pharynx and larynx is pale.

There is nothing unusual in the trachea. The mediastinal tissue is very moist.

The pulmonary pleura is smooth. In various places the lung tissue is slightly

sunken below the surface. Pieces cut out from such tissue sink in water

:

they are spleen-like consistence and dark in colour. The pericardium contains

a few c.c. of clear fluid. The heart is increased in size and of flabby consistence.

The wall of the right ventricle is 5 mm. thick; that of the left 6 mm. J he

myocardium on section is grey. The endocardiums show nothing unusual. 1 lie

liver has the usual shape. The capsule is smooth. Lobulation is fairly

marked. On section much blood escapes. The consistence is somewhat soft.

The pancreas has a dark purple appearance. The spleen dimensions are

9x6x1 cm. No changes are noted. The suprarenal glands are of usual

appearance. The kidneys appear normal. The four stomachs show nothing of

interest. In the mucosa of the duodenum are a few haemorrhagic patches.

Part of the jejunum shows a similar condition. The colon show's nothing

unusual. In the ligamentum pubo-vesicale of the bladder a cysticercus tenui-

collis is located. The brain shows slight pigmentation.

Microscopic Examination.

Heart .—Sudan gives no reaction. Sarcosporidia are fairly numerous.
Haematoxylin-Eosin : The capillaries and small blood-vessels in some parts are

conspicuous by their injection. The connective tissue cells between the muscular
fibres are in some places distinctly increased, the cells following each other in

single file. There are foci present, mostly of round cells, the nuclei of which
are fairly deep stained. These foci separate the muscular fibres. In some
places the foci are irregularly scattered about.

Liver .—There is a fairly conspicuous pigmentation of the cells around the
central veins with a pigment that takes the Sudan stain slightly. Similar
pigment is also seen in the stellate cells. Haematoxylin-Eosin : Blood-cells
can only be recognized in a few' places, particularly in the portal veins, and
only occasionally in some of the capillaries of the lobules. The intratrabecular
.spaces appear empty; most of the capillaries are contracted.

Kidney .-—Sudan gives no fat reaction. Haematoxylin-Eosin: The tubuli
contorti are conspicuous by their deep pink staining; also Henle’s loops. The
epithelial cells are filling the lumen of the tubules; the intertubular spaces
are distended. In some places they are engorged with blood; the glomerules fill

the capsule in most cases. The intermediary zone has a patchy appearance due
to the engorgement of blood-vessels. In a few places around the vessels are small
foci of round cells.

Pancreas.—Haematoxylin-Eosin : In several parts the blood-vessels are
filled with blood, including the capillaries. The lobules are uniformly stained
and show no distinction between periphery and centre.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Stasis myocardii.
Myocarditis productiva. Sarcosporidiosis. Atelectasis of the lungs. Lipofuscm
pigment in the liver. Nephritis intestitialis chronica. Cloudy swelling. Enteritis
haemorrhagica in duodenum and jejunum. Slight anaemia. Extravasation of
blood into subcutaneous tissue of right prescapular region. Cysticercus tenui-
collis in peritoneal cavity.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 3092 w'as sent to Witfontein on 25.1.21, and was fed

there on Vo.ngeuria pygmaea for 14 days until 8.2.21, when it was returned to
Onderstepoort, where it died on 25.2.21, or 31 days after commencement of
feeding, or 17 days after feeding was discontinued. The striking lesion in this
sheep was the dilatation of the heart, affecting both ventricles, which were filled

with clotted blood. Microscopically, the lesions of a stasis in the myocardium
were shown by the filling of the blood-vessels, and capillaries and lesions of a
myocarditis that were interpreted to be of a productive type. Fibroblasts
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were present between the muscular fibres, but no fibrillar substance bad been
found. Round cell foci were rather conspicuous. The lesions of stasis that could
be expected from the state of the heart were not so well marked, probably due
to the fact that the autopsy was made on a cadaver that was anaemic and
not completely set. The greater portion of blood had escaped at the time of the
post-mortem. The absence of blood in the liver, and its patchy distribution in
the kidney, would support this view. The haemorrhage in the prescapular
region was most likely of traumatic nature, since it has not been observed
in other sheep that died of gousiekte. There was no fatty degeneration present
in the liver-cells, although a> fat containing pigment (lipofuscin) could be traced
with the Sudan stain. The presence of a nephritis chronica deserves attention.
Its cause may not be connected with the disease under discussion, but it is

more likely that in analogy to the inflammatory processes found in the heart
they are also connected with the toxic principle.

16. Sheep DOTl No. 3060.—Aged Merino ewe (see Experiment 25), died
6.3.21. The autopsy is made half an hour after death. Rigor mortis is present.
The condition is fair. The abdomen is partly distended. The integument shows
nothing unusual. The subcutaneous tissue is rich in blood-coloured liquid.
The peritoneal cavity contains some serous fluid. The diaphragm is forward
convex. The retropharyngeal and submaxillary lymphnodes are enlarged and
red in colour

;
the bronchioles are enlarged and watery. In the trachea a

small amount of froth is present. The thoracic cavity contains a large amount
of straw-coloured fluid. The septum mediastini is infiltrated with a gelatinous
fluid. In the larynx is a small amount of mucous material. The mucous
membrane of the trachea is purple. The right lung is collapsed. A portion of

the pleura in the main lobe is dark red; this condition is most marked in

the apex as well as in the cardiac and in a portion of the diaphragmatic lobe.

On section the tissue is dark red and liver-like. In the left lung are similar
conditions. The pericardium contains a small quantity of liquid. The heart is

enlarged. The epicardium is slate-blue. A small amount of fat is present at
the base; its consistence is soft and flabby. The myocardium is thin. The endo-
cardium is light slate-blue. Both ventricles are distended. There is nothing
particular in the atria. The periportal lymph glands are enlarged and watery.
The liver is slightly enlarged and has a purple colour. It is friable and on
section a considerable amount of bloody fluid oozes out. The gall-bladder is

distended with green fluid. The spleen is slightly enlarged and soft (9x6x1
cm.). The suprarenal glands are slightly enlarged, and on section have a light

colour. The left kidney is surrounded with fat. The cortex is chocolate brown.
The medulla is lighter. The right kidney shows a similar condition. The rumen
contains a large amount of ingesta. The reticulum and abomasum show nothing
unusual; likewise the omasum. The mucosa of the small intestines is light

red, and a few nodules are present in the wall. In the large intestines a great
number of parasites (Oesopliagostonium columbianum) are found. The mes-
enteric glands show nothing unusual. In the mesentery is a fair amount of fat.

The urinary bladder is empty. The mucous membrane appears normal. In
the vagina is some mucous fluid.

Microscopic Examinatio n.

Heart .—Sudan gives no reaction, except in the normal fat deposits. All

the capillaries are engorged with blood ; double and triple rows of corpuscles
are present. Patches are seen in which the connective tissue cells are increased.
In various places the spaces between the mucle-bundles are fairly wide, occupied
by a translucid substance. In a number of places an accumulation of round
cells, corresponding to the type of lymphocytes and large mononuclears, are
present.

Liver (Sudan).—The periphery of the acini is darker stained than the
centre. In the periphery the liver-cells contain fat granules; the cells of the
centre contain fairly large vacuoles. The trabeculae are separated, and the
capillaries filled with blood. Haematoxylin-Eosin : The vacuoles in the centre
are less marked than in the Sudan-stained section

;
they are not sharply cut out.

Kidney .—Sudan gives no reaction. The tubuli contorti show up well. The
cells fill the whole lumen and practically no nuclei are present. The tubuli recti

of the cortex show the nuclei and also the spiral tubules. In some parts a
distinct increase of connective tissue between the tubuli recti and contorti is

noticeable. Haematoxylin-Eosin : The tubuli contorti appear as deeply-stained
pink bands without nuclei. In some places around the vessel are foci of lympho-
cytes

;
some glomeruli are atrophied.

Spleen .-—Sudan shows in the centre of some malpighian bodies distinct fat

reactions. Some of the malpighian bodies, probahlv corresponding to those
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giving the fat reaction, are transparent, and a nuclear detritus can be

recognized within; the pulp contains much blood.

Pathological Anatomical Diagnosis .—Dilatatio cordis, myocarditis produc-
tiva. Stasis and oedema of the myocardium. Hydrothorax, atelectasis of both
lungs, fatty degeneration of the liver. Nephritis interstitialis chronica. Cloudy
swelling of kidney. Tumor splenis and fatty degeneration of the lymph follicles.

Oedema of the lymphnodes. Slight ascites, slight anaemia. Helminthiasis
intestinorum.

Etiolog ical Diag nosis.—Gousiekte.
Epicrisis .—Sheep 3060 was sent to Kaalfontein on 25.1.21 and fed there

with Vangueria pygmaea. It was returned to Onderstepoort on the 8.2.21, or

after an absence of 14 days. It died of gousiekte on the 6.3.21. i.e. 40 days
after commencing of feeding of the plant, or 26 days after feeding was dis-

continued. The striking lesion was the dilatation of both ventricles caused by a

myocarditis chronica. The hydrothorax was well developed and responsible
for the atelectatic parts in both lungs. Attention must be drawn to the
presence of a chronic nephritis. It may not be connected with gousiekte, but
since it has been found in other cases as well, it is quite possible that it stands
in some etiological relation to it.

17. Sheep DOB No. 3214.—Full-mouth Merino liamel (see Experiment 25),
died 7.3.21. Rigor mortis is not present. The condition is fair. The abdomen
is distended The visible mucous membranes are of dark purple colour. The
nostrils are soiled with greenish faeces. The capillary vessels of the sub-
cutaneous tissue are injected. In the jaw are a number of blood extravasations.
The peritoneal cavity contains 20 c.c. slightly cloudy fluid. The pleural
cavities contain a few c.c. yellowish clear liquid. The retropharyngeal glands
are of dark red appearance. The lymphatic glands, pharynx, tongue, and
oesophagus show nothing unusual. The mucosa of the larynx is dark purple
in colour. The follicles are enlarged. The mucosa of the trachea is red. The
capillary vessels are easily visible. The lungs are enlarged. The pleura is tense.
The colour of the parenchyma is dark purple. On section froth and blood
escape. The alveoli in some parts are partly enlarged and distinctly visible.

The pericardium contains a few c.c. colourless fluid with a few coagula. The
blood of the heart is coagulated. The capillary vessels of the epicardium are
well marked. Fat is well developed. The endocardium on both sides shows
nothing unusual. The right ventricle is dilated at the base 7 cm.

;
at the

apex, 6) cm The myocardium appears opaque, partly of dark purple appear-
ance. The coronary vessels show nothing unusual. The liver is of usual size.

The capsule is smooth. The edges are sharp. The colour is between greyish
brown and dark purple. On section frothy blood escapes and post-mortem
changes are noticeable. The pancreas has a dark purple colour. The spleen
dimensions are 9x7jX2 cm. The capsule is smooth. The borders are lounded.
On section the pulp is protruding. The malpighian bodies are enlarged. The
size of the white centre is that of a pin’s head. The capsule adiposa of the
kidneys is rich in fat. The capsule fibrosa is easily detached. The organ on
section is fairly rich in blood. The glomerules are not visible. The surface
is smooth. The mucosa of the rumen, reticulum, and omasum show a pale slate
colour. The abomasum shows nothing unusual. The walls of the small intestines
show a few parasitic nodules. In the large intestines they are unusual. The
sexual organs show no changes. The brain on section appears moist. The
plexus chorioideus is very rich in blood.

Microscopic Examination.
Heart (Sudan).—Fat is present in fair amount in the normal depots, but

more is present in the muscle fibres. Haematoxylin-Eosin : Sarcosporidia are
present; no other changes are noticeable.

Lungs (Sudan).—No fat is present. Haematoxylin-Eosin : Patches of alveoli
contain pinkish substance.

Lymphatic Glands (Sudan).—Rich in normal fat. The sinuses are filled with
red corpuscles and with pigment cells, the pigment being brown.

Pathological Anatomical Diagnosis.—Sarcosporidiosis. Dilatation of right
ventricle. Stasis of the subcutaneous tissue of the head. Stasis of the lymph-
nodes of the head. Stasis of mucosa of respiratory passages. Slight tumor
splenis. Haemosiderosis of lymphatic glands. Oedema and hyperaemia of lungs.
Slight Helminthiasis nodularis intestini. Oedema and stasis of brain.

Etiological Diagnosis.—Tympany.
Epicrisis .—During the period of 14 days at Kaalfontein it was fed on leaves

of Vangueria pygmaea. It died on 7.3.21, viz., 41 days after feeding had
commenced, or 27 days after it had been discontinued. The sheep was in good
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condition when death occurred. There were no lesions present in the heart or
any sequelae that would allow the diagnosis of gousiekte. Death is probably
due to acute tympany. The distension of the abdomen, the absence of rigor
mortis, hyperaemia of various parts of the body, particularly of the fore-
quarters, diastole of right ventricle of the heart, are all in favour of such an
interpretation.

Death occurred 41 days after commencement of feeding, a period otherwise
typical for gousiekte, but the absence of all lesions typical for this disease does
not allow this diagnosis; unless we accept the possibility that gousiekte can
occur in the absence of heart lesions, a view that we cannot support, failing
to understand how in the absence of cardiac lesions, death can occur. The case
is also of interest in as much as it shows that not all sheep are affected by the
plant toxin, although they have been fed systematically with the plant.

18. Sheep DOB No. 2968.—Four-tooth Merino hamel (see Experiment 26),
died 22.3.21. Rigor mortis is present. The condition is fair. The abdomen is

distended. The natural openings and visible mucous membranes show no
changes. The blood is coagulated. The peritoneal and pleural cavities show no
alterations. The lymphatic glands of the head and neck are moist. The tongue
and oesophagus show no changes. The trachea contains a fair amount of
foam; the bronchi are also full of froth. The lungs are bluish red in colour.
On section the parenchyma appears moist; foam appears on scraping. The left

diaphragmatic lobe contains a calcareous nodule (| cm. in diameter). The
pericardium contains 10 c.c. clear fluid. The epicardium shows no changes.
Both ventricles are dilated and contain large blood clots. The endocardium
and valves show no changes. The myocardium is pale and slightly opaque.
The periportal glands are moist. The lobulation of the liver is distinct. The
pancreas shows no changes. The splenic lymphatic glands are moist. On section
the spleen (11x8x6 cm.) appears moist and soft; the pulp is bulging out. The
capsule of the kidney is easily detached. The parenchyma shows no changes.
Mo alterations are noticed in the four stomachs. On the mucosa of the small
intestines are reddish patches. Calcareous nodules are present in the wall of
the large intestines. The mesenteric lymphatic glands are moist. The
mesentery bladder shows no changes.

Pathological Anatomical Diagnosis.—Oedema of lymphatic glands and
lungs. Dilatation of both ventricles. Parasitic nodules in lungs and intestines.
Slight enteritis.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—The sheep had been fed in Witfontein with Vangueria pygmaea.

for 14 days. It died of gousiekte 42 days after feeding commenced. The
characteristic lesion of the disease, i.e. dilatation of the ventricles of the heart,
was present.

19. Sheep DOB No. 2971.—Four-tooth Merino hamel (see Experiment 26),

died 24.3.21. Rigor mortis is not present. The condition is fair. The abdomen
is distended. The flesh shows nothing unusual. The subcutaneous tissue of the
neck is rich in blood. Some clear liquid with fibrinous clots is present in the
peritoneal cavity. The retropharyngeal lymphatic glands are enlarged and
moist. The tongue and oesophagus show nothing unusual. Ingesta is present
in the trachea. The vessels of the right pleura are injected. The lungs are
enlarged and elastic. On section, foam escapes; it contains blood. The bronchi
contain froth and some ingesta. The left lung shows similar conditions. The
thoracic aorta shows no changes. The pericardium contains 30 c.c. clear liquid.

The epicardium shows nothing unusual. The right ventricle is dilated and
empty. The endocardium shows nothing unusual. The left ventricle is empty
and slightly distended. The endocardium is rather pale; also the myocardium.
The liver appears normal in size and shape. The lobulation is fairly distinct.

On section the parenchyma is pale brownish in colour. The centre of the lobules

is rather distinct. The consistence is friable. The gall-bladder is empty.
The dimensions of the spleen are 11x8x2 cm. On section the pulp appears
moist and dark red. The lymph follicles appear enlarged. The trabeculae are

not distinct. The suprarenal glands show a red cortex. The capsule adiposa
of the kidney is easily detached. On section the cortex appears somewhat
pale. The consistence is decreased. The abomasum has liquid contents. The
mucosa is pale. The fore stomachs show nothing unusual. The mucosa of

the duodenum and jejunum is slightly swollen. Haemorrhagic patches are rather
numerous. In the wall of the ileum are numerous nodules. The mucosa is

swollen and diffusely reddened. In the walls of the caecum and the colon

numerous nodules are also present. The bladder is empty and contracted.
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M i crnscop ic Ej-am i na t in ti.

Heart (Sudan).—A large portion of the section is occupied by a fibro-

blastic tissue, forming patches which partly or completely replace muscular
tissue. In this connective tissue are muscle fibres or portion thereof, which
show distinct fat reaction. The fibroblastic tissue shows in parts a fine fibrillar

substance. The muscle fibres outside the described place show also fat granules
in some instances. The capillaries are distended with blood and the red
corpuscles are packed in several rows. Sarcosporidia are fairly numerous; some
show fatty degeneration. Haematoxylin-Eosin : The fibroblastic tissue shows
up very well and lymphocytes can now be recognized to be mingled with the
fibroblasts; also the fibrillar substance is quite in evidence.

Liver (Sudan).—The presence of fat-staining is noted throughout the whole
acinus. Yellow-reddish pigment is present in some of the stellate cells

;
the

capillaries are distended with blood.

Kidneys.—Sudan gives no reaction; the tubuli contorti show a distinct

lumen.
Lungs.— Haematoxylin-Eosin : In some of the’ alveoli a homogeneous sub-

stance is present; many are much distended and their walls are broken. The
blood-vessels are filled with blood ; also the capillaries in some parts.

Pathological Anatomical Diagnosis.—Slight dilatatio cordis. Myocarditis
productiva and fatty degeneration. Stasis and sarcosporidiosis of the myo-
cardium. Stasis. Fatty degeneration and pigmentation of the liver. Anaemia
of the kidneys. Slight ascites. Oedema and emphysema of the lungs. Stasis

of the subcutaneous tissue and oedema of the lymphatic glands of the neck and
head. Chronic colitis. Helminthiasis intestini (Oesoplwgostomvm colum-
bianum). Slight tympany (post-mortem).

Etiological Diagnosis.—Gousiekte.
Epicrisis.—Sheep 2971 was sent to Witfontein on 8.2.21 and remained there

until 22.2.21, or a period of 14 days, during which it was extensively fed on

Vangueria pygmaea. It was returned to Onderstepoort and died on the 24.3.21,

or 44 days after commencement, or 30 days after discontinuation of feeding.

The main lesions were found in the heart, where the histological alterations of

a myocarditis chronica were well developed. They were accompanied with
fatty degeneration of the muscular fibres. A distinct stasis was present in the
heart-muscle. Stasis was present also in the anterior tissue of the body, and
was especially noticeable in the subcutaneous tissue and the lymphatic glands of

the neck. In this portion the stasis is probably increased by the position of the
head. Sheep suffering from dyspnoea extend the neck and carry the head low.

The fatty degeneration of the liver-cells and the pigmentation of the stellate

cells can be considered to be a sequel of the general stasis, as well as the slight

ascites and the tumor splenis. There were lesions present in the small intes-

tine interpreted as acute haemorrhagic enteritis; they were limited to the

small intestines and must be considered to be of an intercurrent nature not

connected with the cause of gousiekte but probably with the parasitic infection.

20. Sheep DOB No. 3107.—Full-mouth Merino hamel (see Experiment 26),

died 24.3.21. Rigor mortis is present. The condition is good. The abdomen is

distended. The conjunctiva is bluish red. Blood, flesh, and subcutaneous tissue

show nothing unusual. The peritoneal cavity contains 50 c.c. clear yellowish
liquid. The diaphragm is forward convexed. The pleural cavities contain
some yellow fluid. Retropharyngeal cervical and mediastinal lymphatic glands
are enlarged; pale and soft on section. The tongue, pharynx, and oesophagus
appear normal. The larynx shows nothing unusual. The trachea contains some
foam. The lungs are larger than usual and light red in colour. They are

elastic The bronchi are full of foam. On section the lung tissue is dark
red, and much liquid is found oozing out. The pericardium contains 40 c.c.

clear yellow fluid with a fibrine coagulum. The capillaries of the epicardium
are slightly injected. A few dark points are in the epicardium. The heart

measures 8x8 c.m. and is in diastole. Both endocardium and valves show
nothing unusual. The myocardium is somewhat opaque. The outer layer is

reddish. The inside is pale. The liver has a reddish brown colour. The organ
is of usual size. The liver tissue on section is light reddish brown. The
lobules are hardly visible. The consistence is friable. The gall-bladder appears
normal. Spleen is lOxbXlJ cm. The pulp is brick-red and soft. The malpighian
bodies and trabeculae are visible. The suprarenal glands show nothing unusual.

The capsule of the kidneys is easily detached. On section the cortex appears
brown. The intermediary zone and medulla are pink in colour. The mucous
membrane of the rumen, reticulum, and omasum are peeling off. The abomasum
shows nothing unusual. The mucosa of the duodenum jejunum and ileum is
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swollen. The capillaries are much injected. Some red points are present.

A few nodules are in the walls of the caecum.

Microscopic Examination.

Heart (Sudan).—A slight degeneration is present in the fibres of some 1 places,

forming very minute globules, without actually extinguishing the cross-stria-

tion, but rather giving the fibres a turbid appearance. The conspicuous feature
of the section is the presence of connective tissue all over. Sarcosporidia are
present. Haematoxylin-Eosin : The connective tissue separates the fibres, and
accordingly the texture appears loose. The increase of cells is very marked,
forming in certain parts clusters. They belong to the type of lymphocytes:
some are large round cells; most, however, are fibroblasts. In many places
collagenous fibres are visible, and the increase of intercellular substance is con-
spicuous. In these places muscular fibres are interrupted, narrow, and taper-
ing. In some places the fibres are separated by a homogenous thready
substance, in which cells are only scantily present. The capillaries in some
places contain double rows of red corpuscles. There is one focus of round cells

in which a few eosinophile cells are present.

Liver (Sudan).—A number of cells irregularly distributed in the acinus
and mostly corresponding to the situation of stellate cells show fat reaction.
Such cells are also seen in the septa, forming clusters; they are large

;
the nucleus

in many is situated in the periphery, and somewhat pale. Blood is present
in the capillaries, and the regular acinus tracing is somewhat distorted. The
cells with fat reaction are also bordering the central veins. Haematoxylin-
Eosin : Generally disturbed tracing of the acinus is pronounced; the presence
of a large cell with brownish substance in the protoplasma and a comparative
small nucleus is noted in the septa in various places of the acinus. These cells

are very conspicuous by their size, reaching three to four times that of liver-cells

in the case of the larger ones.
Kidney (Sudan).—The tubuli contorti of the cortex gives no reaction. Some

of the spiral tubules, however, show indication of fat; the glomerules in the
majority of cases are retracted, and the space so left is filled with a substance
that frequently has a granular appearance. Haematoxylin-Eosin : The sub-
stance in the glomerular capsule has a pinkish appearance. The larger vessels

are filled with blood. The capillaries are empty, or only occasional^' a few
corpuscles are seen. Blood is present in the medulla.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Myocarditis chronica;
oedema and slight fatty degeneration of the heart. Sarocsporidiosis of myo-
cardium. Petechiae in epicardium. Slight stasis of liver. Lipofusein in

stellate and connective tissue cells in septa. Slight tumor splenis.

Albuminuria. Slight ascites. Slight hydropericardium. Oedema and hyper-
aemia of lungs. Enteritis catarrhalis. Helminthiasis nodularis intestini.
Cyanosis of the conjunctiva. Oedema of the lymphatic glands of neck.

Epicrisis .—Sheep 3107 was sent to Kaalfontein on 8.2.21 and kept there
until 22.2.21, when it was returned to Onderstepoort. During this period of
14 days it was fed on leaves of Va/ngueria pygmaea. The sheep died on 24.3.21
of gousiekte, i.e. 44 days after feeding was commenced, or 30 days after it was
discontinued. The lesions found were those of a chronic myocarditis. Sequelae
connected with an impaired heart action were but little pronounced, although
partly indicated. A conspicuous finding in this case were the large pigmented
cells in the liver, some of which were undoubtedly the stellate endothelial cells,

whilst others were interpreted as connective tissue cells. The pigment is inter-
preted to be that of lipofusein. This pigment is also found in sheep that did
not die of gousiekte; it cannot definitely be connected with this disease.

21. Sheep DOli No. 3196.—Full-mouth Merino hamel (see Experiment 26),

died 2.4.21. Rigor mortis is past. The condition is very good. The abdomen
is distended. The conjunctiva is bluish red. The blood is coagulated. The
peritoneal cavity contains a few c.c. clear yellow liquid. The diaphragm is for-

ward convex. The retropharyngeal lymphatic glands are swollen; on section
dark red and soft. Tongue and oesophagus show nothing unusual. The larynx
mucosa is bluish red with numerous small ulcerations. The trachea is full of

foam. The lungs are very large, wine-red, and elastic. On section much foam
and blood is oozing out. The lung tissue is red with numerous dark points.
The pericardium contains 10 c.c. clear yellow liquid. The coronary grooves
contain much fat. Numerous dark red points are on the epicardium. The left

ventricle appears much dilated
;
both endocardiums and valves show nothing

unusual. The myocardium is pale. The periportal glands are swollen; on
section white and soft. The liver appears pale, of usual shape, and dark brown.



On section much blood is oozing out. The lobulation is distinct. The central

veins are dilated. The consistence is friable. The pancreas shows nothing
unusual. The dimensions of the spleen are 12x9x2. The pulp is red and soft.

The malpighian bodies and trabeculae are visible. The suprarenal glands show
nothing unusual. The capsule of the kidney is easily detached. The surface of

the organ is brown. The intermediary zone and medulla are pale and show
slight red striations. The mucosa of the first, second, and third stomachs is

detached. The fourth stomach shows nothing unusual. The duodenum appears
normal. In the walls of the jejunum and ileum are numerous nodules. The
caecum and colon contain very numerous nodules and adults of Oesophagostomum
columbianum. The mesenteric glands show nothing unusual. The mesentery
contains much fat. The bladder appears normal.

Microscopic Examination.
Heart (Sudan).—No fat reaction is noted except in the normal fat depots,

which are well developed. The blood-vessels and capillaries are filled with blood,
the latter showing double and triple rows of corpuscles. A patchy apoearance
of the section is due to the presence of connective tissue replacing muscular
fibres; this tissue in some places is rich in nuclei; sarcosporidia are fairly

frequent
;

one is noted in a Purkinje fibre. Haematoxylin-Eosin : Between the
muscular fibres in some places transparent substance is present, occasionally of a

finely granular nature or thready; in this substance are a few cells. They
belong to the lymphatic and larger round cell type. Some fibroblasts are in

other places. All three types of cells are increased in number, the large round
cells preponderating in certain places. The muscular fibres in some places are
entirely replaced by connective tissue. What corresponds to the larger round
cell is a cell larger than a lymphocyte, the nucleus of which is round or slightly

oval-shaped, in which chromatin granules are recognized in the periphery and
in the central portion. Some of these cells possess very little protoplasma

;

in others it is fairly well developed, taking a somewhat pinkish staining, and
frequently the nucleus is placed eccentrically.

Liver (Sudan).—The central veins are much distended and filled with blood,
and so are the capillaries between the trabeculae surrounding the central veins

;

accordingly, the structure of the acinus has a more compact appearance in the
centre than in the periphery. Around the central veins and occasionally in

the congested zone, large flakes of yellow brown pigment are seen with sharp
outlines corresponding to an outline of a cell in which a nucleus can be
recognized.

Kidney (Sudan).—No reaction is noted in the cortex. In some places the
tubuli contorti are more diffusely stained, but no fat granules are present, and
in most of these tubules no differentiation between lumen and epithelial lining
can be made. In some the cellular nuclei are absent or not recognizable. The
glomerules are filling the capsule. The capillaries contain much blood. Haema-
toxylin-Eosin : Fairly diffuse staining of the tubuli contorti is noted in
some places. The tubules show an absence of lumen, and frequently no nuclei
are present. A fair amount of blood is present in the veins and in the
glomerules, but not so in the capillaries between the tubules.

Lungs (Van Gieson).—Patchy appearance of lung tissue due to the filling

of alveoli in some areas with homogeneous exudate. The capillaries in these
portions are distended. The bronchi show a round lumen in some instances. In
the larger bronchi is an exudate consisting of cellular debris completely filling

the lumen in one instance, and desquamated epithelial cells can be recognized
in this case. An infiltration of round cells is noted in the outer sheet of the
bronchi, and particularly around the mucous glands of one of the larger bronchi.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Myocarditis chronica.
Stasis, oedema, and sarcosporidiosis of myocardium. Petechiae of epicardium.
Stasis and lipofuscin pigmentation of the liver. Slight tumor splenis. Cloudy
swelling of kidney. Laryngitis ulcerosa. Hyperaemia and oedema pulmonum.
Bronchitis catarrhalis. Stasis of the lymph nodes of the head. Helminthiasis
nodularis intestini (Oesophagostomiasis).

Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 3196 was sent to Kaalfontein on 8.2.21 and returned to

Onderstepoort on 22.2.21. During the period of 14 days it was fed on fresh
leaves of Vangueria pygmaea. The sheep died on 2.4.21 of gousiekte, i.e. 53
days after commencement of feeding, or 39 days after discontinuation. The
typical lesions found were those of a myocarditis chronica.. Secondary lesions
connected with an impaired heart action were partly pronounced. There were
pigmented cells present in the liver. The pigment was found in the sheep that,
died of other causes. Such pigment was also interpreted to be lipofuscin. The
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bronchitis apparently is of an intercurrent nature and not connected with the
cause of the disease itself; there was also a pharyngitis ulcerosa present, the
ulcers, however, being of small size. It is possible that both bronchitis and
laryngitis were etiologically connected. Similar conditions were not found in

other cases of gousiekte.

22. Sheep DoJi No. 3025.—Died 21.2.21 at Kaalfontein (see Experiment 2(3).

No post-mortem report available. The organs were sent to the laboratory.

Microscopic Examination

.

Heart (Sudan).—The fat reaction under small power is not noticeable,
except in the normal fat depots. Sarcosporidia are numerous. The capillaries

between the fibres are much distended, practically all containing two to three
rows of blood corpuscles closely packed. The cross-striation is visible in most
fibres

;
however, in some of them it is obscured by the presence of very minute

fractile bodies, some of which show Sudan-staining
;
under higher power the

larger blood-vessels are also much distended. Haematoxylin-Eosin : In some
portions the fibres are separated, leaving transparent spaces between them, in

which there is a substance apparently plasma. Round cells are present in this

substance in scanty numbers and some larger mononuclear cells and a few
fibroblasts. This is particularly the case around the larger blood-vessels, but
also between bundles of muscular fibres. Here the homogeneous substance is

somewhat granular
;

the granules are of different sizes, up to that of a red
corpuscle, in some cases. This phenomenon is fairly well distributed. In one
place the number of large mononuclear cells is much increased between the
fibres. On those portions of the muscle which have been cut across the capillaries

appear as round areas packed with red corpuscles so closely that they form a
homogeneous mass.

Liver (Sudan).-—The centre of the acini show diffuse staining and distinct
fat globules in the cells. The periphery of the acinus is transparent. The
capillaries in the periphery are gorged; in the centres they are practically
empty-—at least blood corpuscles are not visible. The connective tissue of the
septa is slightly increased. Haematoxylin-Eosin : The structure of an acinus
in the periphery is somewhat irregular; the course of the trabeculae is somewhat
tortuous. It is evident that the capillaries around the central veins contain a
moderate amount of blood. They are distended in the periphery and cause
the disturbed texture of the acinus.

Kidneys (Sudan).—The tubuli recti (uriniferi) show a diffuse staining under
low magnification

;
under higher power they show the presence of very minute

granules which, however, obscure the nuclei only rarely. These granules are
glistening; some show a red-brownish colour. The glomerules are filling the
capsule and are rich in blood. The vasa recta are filled with blood. Haema-
toxylin-Eosin : Some of the tubuli contorti are slightly deeper stained; they
show the nuclei, however, distinctly.

Spleen.—Haematoxylin-Eosin: The malpighian bodies are rather small.
The trabeculae on cross-section are fairly conspicuous. Little blood is present
in the pulp.

Pathological Anatomical Diagnosis.—Heart: Acute fatty degeneration;
stasis; myocarditis acuta. Liver: Stasis and central fatty degeneration.
Kidney: Fatty degeneration of tubuli uriniferi. Spleen: Hyperplasis of
reticular tissue.

Etiological Diag no sis.—Gousiekte.

Epicrisis.—Sheep 3025 was sent to Kaalfontein on 8.2.21 and it died there
on the 21.2,21, having been fed during the period of 13 days with leaves
of Vangueria pygrnaea. The cause of death was considered to be due to
exposure', the animal having been in a cachectic condition. There is no doubt,
however, that the microscopical lesions of an acute myocarditis were present,
although the cause of death cannot be ascribed to gousiekte.

It is of interest to note that fatty degeneration was present in the heart,
kidney, and liver, and these may be caused by the plant toxin, but such
alterations are also likely to occur in a cachectic sheep. Whilst thus the cause
of death is not cjuite evident, the acute exudative and proliferative lesions in
the heart may indicate that the sheep had been affected by the plant toxin.
We have no record to show that death from gousiekte does occur within 14
days after plant-feeding commenced, and it is possible that of the several
circumstances that contributed to death the acute myocarditis was one. Under
such conditions, death in a herd of sheep exposed on a Vangueria farm may
occur without the disease actually having fully developed.



23. Sheep DOB No. 146(5.—Four-tooth Merino (see Experiment 27), died

;i).2.21. Autopsy was made directly after death. Rigor mortis is not present.

The condition is poor. The abdomen is distended. The visible mucous
membranes appear red. The blood is not coagulated. The subcutaneous tissue

appears red. The peritoneal cavity contains some pink liquid. The pleural

cavity contains a remarkable amount of clear liquid. The retropharyngeal

lymph glands are enlarged and moist. Oesophagus and tongue show no altera-

tions. The right lung is eidarged, very moist, rich in blood; foam is present in

bronchi. The cervical trachea contains foam. The larynx mucosa is red. 'J he

pericardium is distended by clear liquid. The vessels of the epicardium are

injected, the left ventricle dilated, and contains partly coagulated dark blood ;

the right ventricle is also distended. The endocardium shows very marked
general reddening and subendocardial serous infiltrations. The periportal

lymphatic glands are enlarged. The liver is enlarged; the edges are round.
The capsule is transparent and lobulation is distinct. The parenchyma is

very red
;

the consistence is somewhat friable. The gall-bladder is con-

tracted and contains a small amount of turbid liquid. The spleen (10X9x2)
is swollen, dark red, and jam-like. The suprarenal glands are enlarged and
moist. The kidneys appear eidarged. The capsule is easily detached. On
section the organ appears rich in blood. The boundary zone is red

;
the

medulla is rather pale. The abomasum contains patches of diffuse reddening;
the mucosa is slightly swollen. . The small intestines show diffuse reddening;
the mucosa in parts is also swollen. The large intestines show patches of

reddening; nodules are fairly frequent in the walls. The mesenteric lymph
glands are enlarged and moist. The mesentery shows the small vessels injected.

The bladder is empty.
Pathological Anatomical Diagnosis.—Ascites, hydrothorax, hydropericar-

dium. Congestion and oedema, of lungs. Dilatation of left ventricle. Stasis in

endocardium. Stasis in liver. Tumor splenis. Stasis of kidneys.

Hyperaemia in stomach and intestines.

Etiological Diagnosis.—Gousiekte.

Epicrisis .—The sheep was fed on leaves of Vangueria pygmaea in Witfon-
fontein for a period of 14 days. ft died 35 days after commencement of feed-
ing of gousiekte. The lesions of this disease were well pronounced. It is

interesting to note that, notwithstanding the short period of 35 days, the
lesions secondary to alteration of the heart were so well pronounced.

24. Sheep DOB 1491.—Six-tooth Merino hamel (see Experiment 27), died
7.4.21. Rigor mortis is present. The condition is good. The abdomen is

distended. The integument shows nothing unusual. The conjunctiva are
bluish in colour. The blood is coagulated. The peritoneal cavity shows nothing
unusual. The diaphragm is forward convex. The pleural cavities contain
5U0 c.c. clear yellow liquid. The salivary glands show no changes. The
retropharyngeal lymphatic glands are very large; they are dark red. On
section much blood is present. The mucosa of the oesophagus is bluish. The
tongue appears normal. The mucosa of the pharynx is bluish; that of the
larynx is wine-red. The mucosa of the trachea is thickened, bluish-red ;

numerous dark red points are noted. The lungs appear very large and
bluish red

;
numerous dark red points are seen in the pleura. The right

cardiac lobe is red and firm. The bronchi contain much froth and mucous
material. The mucosa is swollen, has a pink colour, and shows several dark red
points. On section foam and blood are oozing from the lungs

;
the tissue is

dark brick-red and several dark red points are present in the parenchyma.
The right cardiac lobe is consolidated; it sinks in water. On section it appears
dark red. In the pericardium are a few c.c. clear yellow liquid. The
coronary groves of the heart contain fat. Some dark red points are also
present. The heart is dilated, especially the left ventricle. The endocardium
and valves show nothing unusual. The myocardium is opaque, and greyish
patches are recognized. The periportal glands show no changes. The liver
is of usual size and shape, somewhat yellowish. On section the lobules are
distinct. The centre is yellowish. The gall-bladder shows nothing unusual.
The pancreas is moist. The dimensions of the spleen are 10x8x2 cm. The
pulp is soft and dark brick-red in colour. The malpighian bodies and
trabeculae are clearly visible. The suprarenal glands show the cortex to be
wine-red. The kidneys are embedded in much fat. The capsula fibrosa is

easily detached. The organ is yellowish. The intermediary zone and the
medulla are very pale. The mucosa of the first, second, and third stomachs
peels off easily. The abomasum shows no changes. The mucosa of the
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duodenum is swollen. It is pink in colour. The vessels are injected. A few
nodules are present. In some parts the mucosa of the jejunum is much
swollen, and is studded with dark red points and patches. The mucosa of
the ileum shows a similar condition. The mucosa of the apex of the caecum
is much swollen

;
the vessels are injected

;
some dark red points are present.

Nodules are noted in the walls of the colon. The mesenteric glands and
mesentery and bladder show nothing unusual. The sexual organs appear
normal.

M i croscopic Ejcam i nation.

Heart (Sudan).—No fat is noted in the muscular fibres, hut a fair amount
is present in the normal depots. The capillaries are filled throughout, and in

many instances contain double and triple rows of red corpuscles. The smaller
vessels are engorged. The cross-striation of the muscular fibres is not quite
clear. In some places an increase of cells between the muscle fibres is noted,
forming small clusters. In other places the spaces between the fibres is dis-

tended by homogeneous substance in which there are cells. Haematoxylin-
Eosin : Some sarcosporidia are noted. The cells in the interfibrillar spaces
are round cells, mostly of the large type. At one place in an interstitial

space between muscular bundles a transparent substance is present in which
red corpuscles are irregularly distributed. A fine, glistening fibrillar substance
is also present. A similar condition is recognized in other places.

Liver (Sudan).—The capillaries throughout the whole acinus contain blood;
the vessels of the septa are filled with it; Sudan reaction is positive only in

certain parts of the section affecting the peripheral cells of the acinus; only
a few of the fat globules reach a somewhat larger size. Haematoxylin-Eosin

:

In some areas the acinous tracing is somewhat disturbed; the intertrabecular
spaces being distended; the capillaries are retracted.

Kidneys (Sudan).—The tubuli eontorti take a somewhat diffuse staining, but
no fat can be recognized. The lumen of the tabules is occluded. The nuclei
are absent. The glomerules fill the capsule; the interstitial capillaries are
filled with blood in most places. Haematoxylin-Eosin : The tubuli eontorti are
pink.

Lymphatic Glands (Haematoxylin-Eosin).—The sinuses are filled with blood ;

the vessels are very much engorged, and a homogeneous substance occupies all

spaces in which cells are absent. Sudan shows presence of fat in the normal
depots.

Spleen (Haematoxylin-Eosin).—The follicles are very small. The trabeculae
occupy much room. The pulp does not contain much blood. Sudan gives no
reaction.

Lungs (Haematoxylin-Eosin).-—The capillaries are much distended, com-
pressing the lumen of the alveoli. The septa of the alveoli in many places are
broken, and the lumens are coalescent. In several places the lumens are
filled with homogeneous pink substance; some bronchi are distended; in others
the mucosa is folded, practically closing the lumen. Round cell infiltration is

present in the outer sheath of some larger bronchi, one of which shows a marked
desquamation of epithelial lining The cells found are lymphocytes and large
round cells.

Pathological Anatomical Diagnosis.—Dilatatio cordis. Stasis and oedema
of the myocardium. Myocarditis chronica; stasis and cloudy swelling of kidney.
Hydrothorax. Hyperaemia and oedema of the lungs. Emphysema and bron-

chitis catarrhalis. Atelectasis. Cyanosis of the conjunc-tivae. Oedema of the
lymphatic glands of the head.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—Sheep 1491 was sent to Kaalfontein on 23.2.21 and fed there on

Vangueria pygmaea leaves until the 9.3.21, a period of 14 days, when it was
returned to Onderstepoort. It died there on 7.4.21 of gousiekte, i.e. 43 days
after feeding was commenced, or 27 days after it was discontinued

The lesions in the heart were those of a myocarditis produetiva. The
characteristic lesions which appear as a sequel to the impaired heart action

were present, and the case thus represents one of typical gousiekte.

25. Sheep DOB No. 2167.—Four-tooth Merino hamel (see Experiment 27),

died 7.4.21. Rigor mortis is not present. The condition is fair. The
abdomen is distended. The visible mucous membranes show nothing unusual.

The subcutaneous fat is well developed. The peritoneal cavity contains i litre

of yellowish fluid. The diaphragm is forward convex. The pleural cavit»es

contain 20 c.c. clear liquid. The salivary glands show no alterations. The
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retropharyngeal lymphatic glands are red in colour. The thyroid shows

nothing unusual. The mediastinal and peribronchial glands appear normal.

The tongue is stained with greenish ingesta. The oesophagus appears normal.

The larynx and trachea contain some froth. The mucosa is slightly injected.

The lungs are collapsed. The pleura is smooth and glistening. The pulmonary
veins and arteries shown nothing unusual. The bronchi contain very little

froth. The mucosa is slightly injected. The parenchyma is brick-red and
elastic; blood and air escape on pressure. The pericardium contains 10 c.c.

clear fluid. Some petechiae are noted in the epicardium. The epicardiac fat

is slightly watery. The right ventricle is dilated. The endocardium shows
nothing unusual. The left ventricle is slightly dilated. The endocardium
and aorta show nothing unusual. The periportal glands appear normal. The
liver has the usual shape and size. The capside is smooth and glistening. The
vena porta shows nothing unusual. The liver parenchyma is pale brown in

colour. On section some blood drops off. The consistence is friable. The
gall-bladder contains turbid yellow bile. The mucosa shows nothing unusual. The
pancreas appears normal. The splenic lymphatic glands show changes. The spleen

dimensions are 1 1 X8 x 1 £ cm. The capsule is shrivelled. The parenchyma is soft.

The suprarenal glands show nothing unusual. The capsula adiposa of the kidney
contains very little fat. The capsula fibrosa is easily detached. On section

the zones are distinct. The cortex is pale yellow brown
;
the consistence is

friable. The abomasum contains greenish semi-liquid ingesta. Omasum,
reticulum, and rumen show nothing unusual. The small intestines show patchy
injection of a deep red colour. The large intestines contain numerous small

hard nodules. The mesenteric glands show nothing unusual; also the

mesentery. The bladder is empty and contracted. The sexual organs show
no changes.

M icroscopic Exam ination.

Heart (Sudan).—The muscular tissue shows a marked transparency due to

the disappearance of fibres and their replacement by connective tissue which is

fairly rich in round cells and fibroblasts. Atrophied muscular fibres can be
seen in this tissue. In other places an increase of round cells is seen between
the fibres. The capillaries contain blood

;
in some places the corpuscles are

packed in double rows. Sareosporidia are present. One is noted in a
Purkinje’s fibre. In a portion of the section the muscular fibres are cut
longitudinally, and here the presence of round cells and fibroblasts is par-
ticularly remarkable

;
the round cells are mainly of the large type. Haema-

toxylin-Eosin : Identical conditions are noted as in the Sudan section
;

generally
the nuclear elements appear increased.

Liver (Sudan).—The central veins, portal veins, and capillaries are filled

with blood. Occasionally around the central veins in the septa and in the
acini large cells containing a red-brown pigment are noted.

Kidneys.—Sudan gives no fat reaction. The tubuli contorti are well
differentiated. The blood-vessels of the intermediary zone are filled with
blood. Some of the glomerules are retracted and transparent

;
a somewhat

drop-like cloudy substance fills the space. Haematoxylin-Eosin : The trans-
parent substance of the globular capsule appears pinkish.

Lungs (Haematoxylin-Eosin).

—

The capillaries and blood-vessels are filled

with blood, compressing the alveoli. The interlobular septa are distended with
a homogeneous substance. Some of the bronchi are also distended.

Pathological Anatomical Diagnosis.—Slight dilatatio cordis. Myocarditis
chronica. Sarcosporidiosis. Petechiae in epicardium. Oedema of the lungs.
Slight stasis of the liver and lipofuscin pigment. Slight ascites. Hyperaemia
of the kidney. Helminthiasis intestini. Albuminuria. Hyperaemia in the
small intestines.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—Sheep 2167 was sent to Kaalfontein on 23.2.21 and was fed

there on Vangueria pygmaea leaves until 9.3.21, i.e. a period of 14 days, when
it was returned to Onderstepoort. The sheep died on 7.4.21, i.e. 43 days after
feeding with the plant had commenced, or 29 days after it was discontinued.

The microscopical lesions were those of a myocarditis productiva, which
were extensively developed. It is of interest to note that the sequelae present
under otherwise similar conditions were not so marked in this case, so that
from naked eye appearances the diagnosis of gousiekte could hardly be made.

26. Sheep DOB No. 152.—Eight-tooth Merino ewe (see Experiment 27), died
7.4.21. Rigor mortis is present. The condition is good. The abdomen is not
distended. The integument shows nothing unusual. The visible mucous
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membranes, blood, flesh, and subcutaneous tissue appear normal. In the
peritoneal cavity some liquid is present. The diaphragm is forward convex.
In the pleural cavities some fluid is present. The mucosa is pale. The
retropharyngeal lymphatic glands are slightly enlarged. Oesophagus and tongue
show nothing unusual. Foam is present in the trachea. A large cyst is noted
in the posterior and two small ones in the medial lobe of the lungs. The bronchi
are rich in foam. The left lung is enlarged, moist, and dark red in colour. On
section, foam is oozing. A fibrinous clot is present in the bronchi. The peri-
cardium contains 10 c.c. clear liquid. The small vessels of the epicardium
are injected. Both ventricles are distended. The wall of the left one
is rather thin. The endocardium shows nothing unusual. The liver is slightly
enlarged. The lobulation is distinct. The centre of the acini is slightly sunken.
The consistence of the parenchyma is soft. The gall-bladder contains a greenish
turbid bile. The mucosa is thickened. The splenic lymphatic glands show
nothing unusual. The dimensions of the spleen are 13x9x2 cm. It is swollen.
On section it is dark red and jam-like. The suprarenal glands are red. The
capsule of the kidneys is easily detached. On section the organ is rich in blood.
The consistence is slightly friable. There is nothing unusual in the abomasum

;

likewise in the omasum, reticulum, and rumen. The mucosa of the jejunum
shows some transverse streaky hyperaemia. A few nodules are noted; also in

the caecum. In the colon are some patches of a slight diffuse reddening. Adult
Oesophcigostumum columbianum are present. The rectum shows a diffuse red-
dening. The bladder is empty. The mucosa shows nothing unusual.

Microscopic Examination

.

Heart.—Sudan gives no reaction except in the normal depots. The capil-

laries are filled with blood corpuscles, frequently in double rows. In another
section there is a distinct increase of connective tissue, separating the muscular
fibres; the tissue is transparent and contains both round and oval shaped cells.

Only remnants of muscular fibres can be recognized. The round cells in one
place are conspicuous by their large number. At another place fibroblasts are
increased, also separating the remnants of muscular fibres. Haematoxylin-
Eosin : The accumulation of round cells is noted as well as an increase of con-
nective tissue, particularly under the endocardium.

Liver (Sudan).—The fat reaction is present only in a few places; only a
few cells in an acinus show it. The capillaries are moderately filled with blood
corpuscles; the central veins also. Haematoxylin-Eosin : Occasionally a dis-

turbance in the arrangement of an acinus due to the engorged capillaries

can be seen.
Kidneys.—Sudan gives no reaction; the tubuli contorti show a clear differ-

entiation in lumen and epithelial lining. The nuclei are distinct. Haema-
tcxylin-Eosin : A considerable amount of blood is present in the larger vessels.

Spleen (Sudan).—The fat reaction is only present in one follicle. Haemu-
toxylin-Eosin : In some places the reticulum is quite distinct.

Lungs.—Van Gieson and Haematoxylin-Eosin: The capillaries are
moderately filled with blood

;
in many alveoli a transparent pinkish substance

is present. The lumen of the bronchi and of the alveolar passages are distended.
Pathological Anatomical Diagnosis.—Slight dilatation of left ventricle.

Stasis in myocardium. Myocarditis productiva
;
sarcosporidiosis. Slight ascites.

Slight hydrothorax. Very slight fatty degeneration. Slight stasis

of liver. Slight hyperaemia of kidneys. Tumor splenis and fatty

degeneration of some follicles. Hyperaemia and oedema of lungs. Echinococcus
cysts in the lungs. Hyperaemia of jejunum. Helminthiasis intestini (Oeso-
phagostom iasis)

.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—Sheep 152 was sent to Kaalfontein on 23.2.21, where it was fed

on Vangueria pygmaea until the 9.3.21, i.e. a period of 14 days, when it was
returned to Onderstepoort. The sheep died on 7.4.21. i.e. 43 days after feeding
was commenced, or 29 days after it was discontinued.

The lesions found in the heart were those of a myocarditis chronica. It is

of interest to note that the sequaelae, as usually observed under such condition,

were not well marked. It would thus appear that in the diagnosis of gousiekte

the microscopic examination is of importance.

27. Sheep DOB No. 2064.-—Six-tooth Merino hamel (see Experiment 27),

died 8.4.21. ltigor mortis is absent. The condition is good. The visible mucous
membranes are bluish red. Blood, flesh, and subcutaneous tissue show no
changes. There are no foreign contents in the peritoneal cavity. The pleural

cavities contain 700 c.c. clear yellow liquid. The salivary glands show no altera-
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lions. The retropharyngeal lymphatic glands are swollen and soft; dark red

points are present. The tongue shows nothing unusual. The mucosa of^ the

oesophagus is bluish in colour. The larynx and trachea are full of foam. Their

mucosa is bluish. The lungs are very large wine-red. The right cardiac lobe is

dark bluish-red and firm. ft sinks in water. The bronchi are filled with foam.

On section much blood and foam are oozing out. The pericardium contains

10 c.c. clear yellow liquid. The heart is enlarged and filled with blood. Fat
is present in the coronary groves. The left ventricle is much dilated. The
endocardium and valves show nothing unusual. In the myocardium are some
greyish patches. The periportal lymphatic glands are normal. The liver is

normal in size and shape, of a bluish colour. On section the lobules are visible.

The central veins appear as reddish spots. The gall-bladder shows nothing
abnormal. The lymph glands of the spleen show no changes. The dimensions
of the spleen are 11x7x2 cm. The pulp is soft and reddish brown. The
malpighian bodies are not so prominent. The trabeculae are distinct. The
suprarenal glands show no changes. The capsule of the kidney is easily detached.

The cortex is somewhat yellowish. The intermediary zone and the medulla are

of pink colour. The mucosa of the four stomachs peels off. No changes are

seen in the abomasum. In the duodenum and ileum and colon some nodules are

present. The mesenteric glands and 1 bladder show no alterations. The sexual

organs appear normal. The nervous system is of normal appearance.

Microscopic Examination.

Heart .—Sudan gives no distinct reaction except in the normal fat depots.

In some places, however, the fibres are diffusely and homogeneously stained,

but no fat granules are recognized. There is a marked increase of connective
tissue in various parts of the section, together with an increased number of

round cells. The latter are very conspicuous. They are lymphocytes and larger
round cells. In some places practically only fibroblasts are present, occupying
fairly large spaces. Here the muscular fibres are absent or atrophied. Sareo-
sporidia are noted. Haematoxylin-Eosin : A sarcosporidium is seen in a Purkinje
fibre. In some places fairly densely packed clusters of round cells are present.
Cithers are also sometimes spread in the spaces between the muscular fibres and
in some places scattered over the fibres. The fibres themselves show a distinct

cross-striation. The capillaries between the fibres in some places are much
engorged, showing double and treble rows of red corpuscles.

Liver (Sudan).—Conspicuous are large cells which contain a brown pigment.
They are placed either around the central vein or in the septum and but rarely
within an acinus. The capillaries are distended with red corpuscles, particu-
larly around the central vein

;
occasionally in a few liver-cells of the periphery

small fat globules are seen. Haematoxylin-Eosin: There is a slight increase
of connective tissue in the septa. The lymphocytes are fairly numerous.

Lung.—Haematoxylin-Eosin: The capillaries are engorged with blood and
the blood-vessels are standing out very conspicuously. The alveolar passages
are filled with a homogeneous transparent substance, which is also present in

some of the bronchi. The lumen of some of these is distended; in others the
mucosa is folded. The external sheath of one small bronchus shows a fairly
large focus, consisting of lymphocytes. Practically all the cells show compact
nuclei and very little cytoplasma. In some of the alveoli epithelial cells are
desquamated.

Spleen .—Sudan gives in one or two follicles a slight fat reaction, but
generally the follicles appear small, and the trabeculae are conspicuous, and
but little blood is present. Haematoxylin-Eosin : The reticular network is dis-
tinctly visible and in some parts even conspicuous by its pinkish appearance;
nuclei can be recognized in the reticular meshes. They are spindle-shaped and
pale.

Pathological Anatomical Diagnosis .-—Dilatatio cordis. Myocarditis pro-
ductiva. Sarcosporidiosis myocardii. Slight stasis in the liver; lipofuscin pig-
mentation and slight fatty degeneration. Atelectasis, hyperaemia, and oedema
of the lungs. Atrophy of the spleen and fatty degeneration of some follicles.

Hvdrothorax. Stasis in subcutaneous tissue of head and forequarter.
Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 2064 was sent to Witfontein on the 23.2.21 and returned

to Onderstepoort on 9.3.21. It was thus feeding for a period of 14 days. The
sheep died of gousiekte on 8.4.21, or 44 days after feeding was commenced, or
30 days after it was discontinued.

The most important lesion found was the enlarged heart, particularly the
distension of the left ventricle. The myocardium showed chronic alterations, a
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connective tissue organization replacing the muscular fibres. Its presence
accounts for the dilatation of the heart and the secondary stasis of blood in the
heart and lungs, as well as the hvdrothorax and its sequel, the atelectasis. The
liver shows distinct lesions of stasis, and the presence of fat pigment must be
considered to be connected with it. The hypertrophy of the reticular tissue
in the spleen may be explained as a result of a previous splenic tumor, which
has since disappeared.

28. Sheep DOS No. 1553.—Six-tootli Merino sheep (see Experiment 27),

died 12.4.21. Rigor mortis is absent. The condition is good. The abdominal
walls are greenish discoloured, and an odour of decomposition is present. The
peritoneal cavity contains 1,000 c.c. red-stained liquid. The diaphragm is for-

ward convexed. In the pleural cavities are about 1,000 c.c. red-stained liquid.

The pleura is smooth and glistening. The salivary glands show nothing unusual.
The retropharyngeal lymphatic glands are swollen; on section soft and red.

The mucosa of the oesophagus is somewhat bluish. The tongue shows nothing
unusual. The pharynx mucosa is bluish. Larynx and trachea contain a small
amount of froth. The mucosa is bluish red. The aorta shows nothing unusual.
The lungs are rather large. They are elastic. The bronchi contain much foam.
On section the parenchyma is deep red

;
much foam is oozing. The pericardium

contains 20 c.c. of red-stained liquid . Fat is present in the coronary grooves
of the heart. The epicardium shows nothing unusual. The left ventricle is

much dilated. The endocardium and valves show nothing unusual. The
myocardium has a greyish patchy appearance. The periportal glands are
slightly swollen. On section they are moist. The liver shows the usual shape
and size. It is dark red-brown. On section the lobulation is not distinct. The
centre of a lobule can be recognized. The pancreas shows nothing unusual.
The dimensions of the spleen are 12x8x2 cm. The pulp is red-brown, somewhat
soft. The malpighian bodies and trabeculae are visible. The suprarenal glands
show nothing unusual. The capsula fibrosa of the kidney can easily be detached.
The surface of the organ is red-brown. The section of the cortex also appears
brown. The mucosa of the intermediary zone and medulla are
pink. The mucosa of the first, second, and third stomachs can easily be
detached. The fourth stomach shows nothing unusual. The vessels of the
duodenum in parts are injected. A few dark-red points are present. In the
walls of ileum a few nodules are noted. In the jejunum nothing unusual is

found. The walls of the caecum and colon contain numerous nodules. The
mesenteric glands show no changes. The mesentery contains a fairly large
amount of fat. In the bladder, changes are noted.

Microscopic Examination.

Heart .—Sudan stains the normal fat depots distinctly. The muscular fibres

do not show any fat granules. Between the fibres are transparent patches of

connective tissue separating the fibres and atrophying them. This connective
tissue in some parts is very rich in cells. In others the cells are rare. Where
connective tissue occupies large spaces, the capillaries are much distended, the
red corpuscles closely packed, the capillaries assuming the dimensions of small
blood-vessels. Tn the adjacent portions where the muscular tissue has a normal
aspect, the capillaries are also distended by double and triple rows of red
corpuscles. Sarcosporidia. are present. Haematoxylin-Eosin : The engorged
capillaries are very conspicuous. The connective tissue formation shows up
well in the Sudan-stained section.

Liver (Sudan).—The lobules show a loose structure due to the engorgement
of the capillaries around the central veins, extending towards the peripheiy,
where the structure is more compact and the cells somewhat diffusely stained.
Fat granules are seen in the narrow trabeculae around the centres. The
ccri tcc'tive tissue in the septa is generally increased an 1 rich in cells. Tn
some septa clusters of round cells are present. Some acini show the liver-cells

transparent, due to the presence of vacuoles in the cytoplasma. Haematoxylin-
Eosm : The difference in the compactness of the centre and the periphery of

the lobules is also marked in this section. The capillaries of the periphery are

even more densely packed with red corpuscles than those of the centre, in which
in some places the intertrabecular spaces are empty.

Kidneys .—Sudan gives no reaction. The tubuli contorti show a distinct
lumen. The blood-vessels of the intermediary zone are filled with blood, and
in parts even much distended.

Spleen .—Sudan shows the presence of fat only in one follicle. It forms
minute granules. Haematoxylin-Eosin : A fair amount of blood is present in

the pulp.
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Lungs.—Haematoxylin-Eosin : The alveolar spaces are filled with homo-

geneous transparent substance. The blood-vessels and capillaries are engorged

with blood. The bronchi are distended in some places; in others the epithelium

is folded. ...
Pathological Anatomical Diagnosis.—Dilatatio cordis. Myocarditis pro-

ductiva. Stasis. Sarcosporidiosis. Slight fatty and vacuolar degeneration,

and slight cirrhosis of the liver. Stasis in the intermediary zone of the kidney.

Slight tumor splenis and fatty degeneration of come lymph follicles. Hyper-

aemia and oedema of the lungs. Stasis in the lymphatic glands of the neck.

Cyanosis of the mucous membranes of the upper respiratory organs. Ascites.

Hydrothorax. Helminthiasis intestini (
Oesophagostomum col-umbianurn).

Etiological Diagnosis .—Gou siekte

.

Epicrisis.—Sheep 1553 was sent to Witfontein on the 23.2.21 and fed there

on Vangueria pygmaea until the 9.3.21, a period of 14 days. It returned to

Onderstepoort on the latter date, and died on 12.4.21, or 48 days after com-
mencement of feeding, or 34 days after discontinuation. Dilatatio cordis due
to myocarditis productiva was much in evidence. Ascites and hydrothorax
were noted

;
their presence can be explained together with the stasis of the

lungs, the cyanosis of the upper respiratory organs and of the lymphatic

glands of the head as a result of the insufficiency of the heart. The altera-

tions of the liver and the splenic tumor can also be considered to be a sequel

of the general stasis. The cirrhosis is probably an intercurrent lesion, inde-

pendent from the cause of gousiekte; on the other hand, it is quite possible that

the toxic agency also in some sheep may give rise to chronic hepatitis.

29. Sheep DOB No. 3113.—Full-mouth Merino hamel (see Experiment 27),

died 24.4.21. Rigor mortis is present. The abdomen is slightly distended. The
mucous membranes of the natural openings are pale. There is a discharge from
the nostrils consisting of grey mucus. The blood is not coagulated and watery.
The subcutaneous tissue is slightly moist, and gelatinous infiltration under the
chest is noted. The peritoneal cavity contains 2 litres of yellow slightly cloudy
liquid. The pleural cavity contains 1 litre of identical liquid. The thyroid is

enlarged, reaching in size that of a small walnut. The retropharyngeal lymph-
nodes are purple and moist. The tongue is pale. The pharynx mucosa is

purple; that of the trachea shows no changes. The lungs have the usual shape
and size. The pleura is smooth and glistening. The colon is dark pink. The
cardiac lobes are in parts devoid of air, hard in consistence, slightly sunken.
The pericardium contains few c.c. of a slightly cloudy amber-coloured liquid.

The heart contains well-formed clots. The epicardial fat is well developed.
The ventricle is dilated; at the base ab^ut 10 c.m. in circumference and near apex
8.5 cm. The wall has an average diameter of 0.5. The myocardium is grey and
firm. The periportal glands are enlarged, grey, and moist. The liver is enlarged
and of usual shape. The borders are rounded. It is rich in blood, and colour
is brown. The lobulation is distinct. The central veins are distended. The
consistence is rather friable. The pancreas shows no alterations. The spleen
measures 10.5x7.5x2.2. The borders are slightly rounded. The capsula is

smooth and glistening. The consistence is flabby. The colour is black. The
malpighian bodies are not marked. The capsula adiposa of the kidney is well
developed

;
the capsula fibrosa is easily detached

;
the colour of the organ is

greyish-purple. The consistence is firm. On section a medium quantity of

blood is noted. The marginal zone is grey, dark red striated. The stomachs
show no alterations. The small intestines show a large number of parasitic
nodules in the walls

;
also the large intestines. The mesentery and sexual

organs show no changes.
Pathological Anatomical Diagnosis.—Ascites and hydrothorax. Dilatation

of the heart. Stasis in liver. Tumor splenis. Helminthiasis nodularis intestini.
Epicrisis.— 1The sheep was fed on Vangueria pygmaea for a period of 14

days at Witfontein. Tt died 60 days after feeding was commenced. Tfte lesions
of gousiekte were typical in all respects and well pronounced.

30. Sheep DOB No. 2153.—Six-tooth Merino hamel (see Experiment 27),
died 27.4.21. Rigor mortis is not present. The condition is good. The abdomen
is distended. The integument shows nothing unusual. The conjunctiva is

red; the mucosa of the mouth is slightly reddened. Slight oedema is present in
the submucosa of the cervical regions. The peritoneal cavity contains a large
amount of blood-tinged fluid with big fibrinous clots. The diaphragm is forward
convex. The retropharyngeal lymph glands are enlarged, moist, and
red. The oesophagus and tongue show nothing unusual. The
lungs are enlarged, compressible, moist. Foam is present in the bronchi; also
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in the trachea. The mucosa of the pharynx and larynx show diffuse redden-
ing. The pericardium is distended with red-tinged liquid. The vessels of the
epicardium are injected. The right heart contains a dark clot

;
likewise the left

heart. Both endocardiums are slightly haemoglobin stained. The
periportal lymphatic glands are enlarged and moist. The liver is

very large and partly decomposed. The lobulation is distinct; dark red centres
are noted, and the septa are distinct. The gall-bladder is enlarged and contains
greenish liquid bile. The pancreas shows nothing unusual. The splenic
lymphatic glands are slightly enlarged. Measurement of the spleen: 11x8x1.5.
On section the trabeculae are not distinct. The parenchyma is soft, dark red.
The suprarenal glands are moist. The capsules of the kidneys are red and soft.

The mucosa of the omasum is diffusely reddened, and two large patches infected
with Trichostronyylus extenuatus are noted. Amphistomum are present in the
rumen. A general diffuse reddening of the mucosa of the small intestines is

noted. Several nodules are present in the walls of the ileum and jejunum. The
caecum contains numerous parasitic nodules. The mucosa is thick, and several
adults of Oesophagostomum columbianum are present. The mucosa of the oedema
is thickened; some nodules are present. The mesenteric glands are moist;
likewise the mesentery itself. The bladder is contracted and empty.

Microscopic Examination.

Heart (Sudan).—Practically all the capillaries between the muscular fibres

are engorged with blood, and in many cases double and triple rows of red
corpuscles are present. No fat reaction is visible. Haematoxylin-Eosin : In
some places the muscular bundles are separated from each other, and the space
occupied by a transparent substance in which are but few cells, and which appa-
rently belong to the endothelial cells of the capillaries. In some of these clefts

an increase of round cells is seen, and in one place fibroblasts are present. In
one particular place the muscular fibres seem to be replaced by this trans-
parent substance. The fibres are interrupted.

Liver (Sudan).-—The tracing of the acini is entirely distorted. The
capillaries of the centre portion are fully engorged and so distended that the
trabeculae have disappeared or only remnants are left behind, the cells of

which contain fat globules. In the intermediary zone the cells also contain fat

globules, whilst in the periphery the liver-cells are comparatively intact.

Haematoxylin-Eosin : A transparency of central portion of acini is noted in

contradistinction to the peripheral zones, which are more compact, and the
presence of much blood in the central parts. The septa of some acini are
thickened and rich in lymphocytes.

Kidneys .—Sudan gives no reaction. The tubuli contorti are not always
clearly differentiated in the lumen and the epithelial lining. The capillaries

fill the glomerules. In the medullary zone is a fair amount of blood. Haema-
toxylin-Eosin : The tubuli contorti are pink, and the cells fill the whole lumen.
The glomerules contain much blood; also a fair amount is present in the inter-

tubular capillaries.

Spleen.—Haematoxylin-Eosin : Blood is seen in the sinuses.

Lungs.—Haematoxylin-Eosin : The capillaries are filled with blood. In
some of the alveoli a homogeneous substance is present, and the blood-vessels
contain some blood.

Pathological Anatomical Diagnosis.—Hydropericardium. Oedema and stasis

of the myocardium. Cicatrices in the myocardium. Central stasis and fatty
degeneration of the liver. Cloudy swelling of kidneys. Hvperaemia and oedema
of lungs. Hyperaemia of stomach and small intestines. Helminthiasis nodularis
intestini. Oesophagostomiasis. Trichostrongylosis.

Etiological Diagnosis.—Verminosis.
Epicrisis .—Sheep 2153 was sent to Kaalfontein on 23.2.21, and remained

there until the 9.3.21, a period of 14 days, during which time it was fed on
Vangueria pygmaea. The sheep died on 27.4.21 in Onderstepoort, i.e. 63 days
after commencing, or 49 days after discontinuation of feeding the plant. The
lesions of gousiekte are but little pronounced. A few cicatricial patches in the
myocardium can hardly be made responsible for the death, but may be the result
of a myocarditis which has healed out. Accordingly, one is not justified to
explain this case as one of gousiekte. The presence of a strong parasitic infec-

tion is more likely to explain the death. The lesions of ascites and hvdro-
pericardium are a result of general hydraemia. In this connection attention
should be drawn to the fact that in typical gousiekte no hydropericardium has
been noted, whilst it is quite common in Helminthiasis. The case is of interest,

inasmuch as it shows lesions in the heart attributable to the toxic principle in
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myocardium can he related to heart failure; the alterations in the liver may
he interpreted as sequelae, all caused by the verminosis.

31. Sheep DOB No. 3367.—Full-mouth Merino liamel (see Experiment 28),

died 20.4.21. Rigor mortis is present. The condition is fair. The abdomen is

distended. The visible mucous membranes are pale. The blood appears
haemolyzed. The flesh appears somewhat pale. The salivary glands show no

changes. The retropharyngeal lymphatic glands are enlarged. On section

numerous small blood clots can be seen. The thyroid shows no changes. Along

the left jugular vein the connective tissue shows blood extravasations. Tongue
and oesophagus show no changes. The lungs are of usual shape and rather

large. The pleura is smooth and glistening. The colour is dark pink to purple.

The consistence is elastic. On section the tissue appears moist. The pericar-

dium contains a white coagulation. The heart shows medium size. Both
ventricles are dilated and contain blood. The epicardium shows a few very

small well-bordered blood spots. The endocardium is somewhat dull. The
myocardium has a greyish appearance. The liver is of usual shape and size.

The borders are sharply edged. The capsule is smooth and glistening. The
colour is violet-brown. The consistence is firm. Stilesia hepatica is present in

the bile-ducts. The lobulation is fairly visible. A small quantity of blood is

present. The spleen measures Il£x8x2 cm. The borders are rounded; the

consistence is flabby. Malpighian bodies are enlarged, the pulpa on section

is protruding. Suprarenal glands and kidney show no changes. The abomasum
contains a few Hacmonclius contot ius. The small intestines show fairly numerous
nodules in their walls; likewise the large intestines. The mesenteric glands
are slightly enlarged and moist. The mesentery and sexual organs show no
changes.

Pathological Anatomical Diagnosis.-—Hydropericardium. Dilatation of the

heart. Ecchymoses in epicardium. Stilesia hepatica. Oedema, and hyperaemia
of lungs. Tumor splenis. Eaemonchics contortus. General anaemia.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was fed in Witfontein for a period of 15 days on

Vungueria pygmaea. It died on the 42nd day after commencement of feeding
of gousiekte. The autopsy revealed the lesions of this disease; they were,
however, not marked. Parasitic infestation was also present and responsible
for some of the changes (hydropericardium and anaemia).

32. Sheep DOB No. 3027.—Full-mouth Merino liamel (see Experiment 28),
died 21.4.21. The autopsy was made about half an hour after death. Rigor
mortis is not present The condition is fair. The abdomen is distended. The
conjunctiva is pale. A greenish mucus is discharged from the nostrils. There
is also a discharge from the mouth. The flesh is moist. The blood is not
coagulated; it is dark and stains well. The peritoneal cavity contains a few
c.c. of a clear colourless fluid. The diaphragm is forward convex. The
salivary glands show nothing unusual. The lower cervical lymphatic glands
are about the size of a big walnut; they are grey and white on section. The
retropharyngeal lymphatic glands show nothing unusual. The thyroid glands
have a pale pink appearance. The oesophagus appears normal. The tongue
is pale. The pharynx shows nothing unusual. The trachea contains traces of

food. The lungs are of usual shape and 'size. The pleura is smooth and
glistening; the colour is of a clear pink. The consistence of the lung tissue is

elastic, and on section it appears dry. The pericardium is rich in fat and
contains about 5 c.c. of a clear colourless fluid. The heart is flabby. The
epicardium shows nothing unusual—likewise the right and left endocardiums.
The myocardium is of a grey colour and ha,s a pink tint. The liver is of usual
size and shape; the capsule is smooth and glistening; the borders are slightly
rounded. In the right side of the gall-bladder a Cysticercus tenuicollis is

present, which is about the size of an egg. The liver on section is rich in
blood; the cut surface has a brownish appearance with a slight yellowish tint.
The consistence is firm to friable. The pancreas is pink in appearance, and
the consistence is soft. The spleen measures 12x8.5x2.3 cm.; the capsule is

smooth and glistening; the borders are slightly rounded. The consistence is

soft; the malpighian bodies are enlarged. On section the pulp is protruding.
The suprarenal glands show nothing unusual. The capsula acliposa is rich in
fat; the capsula fibrosa is easily removed. The surface of the organ is smooth,
the colour is of a grey brown and the consistence is firm. On section a fair
amount of blood flows from the cut surface, especially in the marginal zone.
The medullary zone is white in colour. The four stomachs are empty and show
nothing unusual. In the walls of the small intestines a few nodules are present,
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otherwise nothing unusual is observed. The large intestines are empty and
contain nothing unusual. The mesentery is rich in fat. The sinus frontalis is

full of oestrus larvae. The blood-vessels of the pia mater are injected and very
moist.

M icroscopi c Exam i nation.

Heart (Sudan).—No fat reaction is noted. Haematoxylin-Eosin : Sarcos-
poridia are fairly frequent. In the interstitia between the larger bundles are
small collections of round cells, but only in a limited number of places. At
another place round cells are spread along the interstitial spaces and again
around an artery. The capillaries in this section do not show up well. The
larger vessels contain but little blood.

Liver (Sudan).—There are cells of considerable size with a brown-yellow
pigment distributed throughout the acinus. The larger cells are placed around
the central veins. The cells between the capillaries correspond to the stellate
cells. Fine pigment granules are also present in the cells along the central
veins. Haematoxylin-Eosin : Generally very little blood is present. The
liver tissue appears quite compact. In some of the liver-cells vacuoles can be
recognized.

Kidneys (Sudan).—No reaction. Haematoxylin-Eosin : No alteration
noticeable.

Spleen.—Numerous cells are seen containing a granular brownish pigment
grouped in clusters and irregularly distributed throughout the pulp.

Lung.—Haematoxylin-Eosin : No abnormality.
Pathological Anatomical Diagnosis.—Myocarditis productive. Sarcospori-

diosis of myocardium. Slight anaemia and hydraemia. Lipofuscin pigmenta-
tion of liver. Slight tumour splenis. Haemosiderosis of spleen. Parasitic
catarrh of nasal sinuses. Cysticercus tenuicollis on serosa of gall-bladder.

Helminthiasis nodularis in test] ni

.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—Sheep 3027 was sent to Kaalfontein on the 9.3.21 and returned

to Onderstepoort on the 24.3.21. During this period of 15 days it was daily fed
on leaves of Vangueria pygmaea. The sheep died on 21.4.21, i.e. 43 days after
feeding had commenced, or 28 days after it was discontinued.

There may be some doubt whether the case is really one of gousiekte. The
alterations in the heart are but little marked, but may be considered to be
those of a myocarditis. The autopsy does not reveal any other alteration that
might be interpreted to be the cause of death

;
this and the fact that the sheep

died within the typical period after feeding, speak in favour of the interpreta-
tion of the disease as gousiekte.

33. Sheep DOB No. 3366.—Full-mouth Merino hamel (see Experiment 28),
died 23.4.21. Rigor mortis is present. The condition is fair. The abdomen is

distended. The integument appears pale. The mucous membranes of the
natural openings and the flesh are pale. The subcutaneous tissue of the neck
is moist. The peritoneal cavity contains 350 c.c. clear colourless fluid. The
pleural cavity contains 150 c.c. of similar liquid. The salivary glands are pale.

The lymphatic glands of the head and neck are enlarged. The lower cervical

gland is the size of a large walnut. The tongue is pale and moist on section.

The oesophagus is normal. The lung appears pink. The lung tissue is elastic;

on section it appears fairly dry. 'the pericardium contains 50 c.c. clear but
partly coagulated fluid. The myocardium appears grey. The heart is somewhat
enlarged. The ventricles contain blood. The periportal glands show no changes.
The liver lymphatic glands are slightly enlarged, grey in colour, and moist.

The spleen (8x7x2 cm.) has rounded borders. The malpighian bodies appear
distinct. The suprarenal glands are fairly rich in blood. The kidneys appear
normal, The different stomachs show no changes. The walls of the small and
large intestines contain numerous nodules. The mesenteric glands are enlarged,

pale, and moist.
Pathological Anatomical Diagnosis.—Ascites, hydropericardium, hydro-

thorax. Anasarca. Dilatatio cordis. Helminthiasis nodularis intestinorum.

Epicrisis.—The sheep was fed for 15 days on Vangueria pygmaea in Wit-
fontein. It died at Onderstepoort on the 45th day after commencement of

feeding. The diagnosis gousiekte was made, although the heart lesions were
not quite so typical, and the other symptoms (general hydropsis) could be

explained to be the result of anaemia and hydraemia due to worm infection.

34. Sheep DOB No. 1511.—Six-tooth Merino hamel (see Experiment 28),

died 25.4.21. The autopsy is made about one hour after death. Rigor mortis

is not complete. The condition is fair. The abdomen is not distended. The



integument shows no changes. The natural openings show nothing abnormal.

The blood is partly coagulated. The subcutaneous tissue and flesh show no

changes. The peritoneal cavity shows no foreign contents. The pleural cavity

contains a small amount of clear colourless fluid. The salivary glands appear

normal. The lymphatic glands of the head and neck are moist. The tongue

and oesophagus show no changes. Larynx and trachea appear normal. I he

bronchi contain some foam. The pulmonary pleura shows no changes. On
section the parenchyma of the lung appears moist, and on scraping with the

knife, foam appears. The pericardium contains 7 c.o. clear fluid. In the

epicardium are a few red spots. The heart is not well contracted
;
the left

ventricle appears slightly enlarged. Moth endocardiums appear normal. The
myocardium is pale. There are a few dark red transparent patches. The
periportal glands are moist. The liver shows no changes. The gall-bladder is

contracted and contains some yellowish light turbid bile. The pancreas shows
no changes. The splenic lymph glands are moist. The spleen (10.5 x 7.7 X 2..

1

cm.) appears swollen. The pulp is soft. The trabeculae are distinct. The
kidneys show a yellowish discoloration in the cortex. The stomachs show no

changes. In the mucosa of the small intestines are some small red points.

Calcareous nodules are fairly numerous in the walls. The large intestines also

contain numerous calcareous nodules. The mesenteric lymphatic glands are

moist. The mesentery shows nothing unusual. The bladder is contracted.

Pathological Anatomical Diagnosis.—Petechiae on epicardium. Oedema of

lungs. Slight hydrothorax and hydropericardium. Tumor of spleen. Slight

dilatation of left ventricle. Petechiae on mucosa of small intestines. Helmin-
thiasis nodularis intestinorum.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—The sheep was fed in Witfontein for a period of 15 days on

Vangueria pygmaea. It died in Onderstepoort 47 days after commencement
of feeding.

The diagnosis of gousiekte was made, but the pathological lesions were not
so well pronounced. In the absence of other lesions that would explain death,
the diagnosis of gousiekte appears to be justified.

35. Sheep DOB No. 3372.—Full-mouth Merino ewe (see Experiment 28),

died 30.4.21. Rigor mortis is not complete. The condition is good. The integu-
ment shows no changes. The peritoneal cavity contains some red fluid; also

the pleural cavities. The lymphatic glands of the head and neck are moist.
The tongue and pharynx show no changes. The oesophagus, larynx, and
trachea contain some foam. The parenchyma of the lungs is moist; on scraping,
foam appears. The colour^ is dark red. The bronchi are full of foam. The
pericardium contains some reddish fluid. The heart is flabby; the ventricles
are dilated. The right endocardium shows diffuse reddish disco’oration. The
myocardium is pale. Red points are present in the epicardium. The liver is

decomposed. The spleen (13x9jxlj cm.) is soft. The trabeculae are still

visible. The capsula adiposa of the kidneys is well developed. The mucosa of

the rumen, reticulum, and omasum is detached. The small and large intestines
show calcareous nodules in their walls. In the mesentery is a fair amount of

fat. The bladder shows no changes.
Pathological Anatomical Didgnosis.—Slight hydrothorax and ascites.

Dilatation of heart. Petechiae in epicardium. Oedema and h.vperaemia of
lungs. Helminthiasis nodularis.

Etiological Diagnosis.—Gousiekte.
Epicrisis.—The sheep was fed in Witfontein on Vangueria pygmaea for a

period of 15 days. It died in Onderstepoort 52 days after feeding commenced.
The cause of death was ascribed to gousiekte, the typical lesions in the heart
being present. There were also other lesions present usually found in this
disease.

36. Sheep DOB No. 2924.—Merino hamel (see Experiment 29), died 18.1.21.
Rigor mortis is not present. The condition is poor. The abdomen is distended.
The integument is intact. The blood forms thick and gelatinous clots, which
are bright red in colour. The subcutaneous tissue is somewhat moist in parts;
the vessels are somewhat prominent along the ventral portion of the thorax.
The organs of the peritoneal cavities are in natural position

;. a small amount
of slightly reddish stained fluid is present. Nothing unusual is noted in the
pleural cavities. The prescapular lymphatic glands on both sides are unusually
large and on section very moist; the submaxillary and retropharyngeal glands
are slightly enlarged. On section they appear very moist, and have a mottled,
reddish brown appearance. The centre is of a dirty grey colour in one gland

;

the other is uniformly reddish blue. The tongue is very flabby and bluish on
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the surface; on section it is pale. The mucosa of the oesophagus is slightly
bluish in colour. The pharyngeal mucous membrane is dark slate-blue. The
laryngeal mucous membrane is reddish blue in colour. The tracheal mucosa is

diffuse red-brown. A fair amount of white froth is present. The bronchi
show the same condition as the trachea. The lungs are slightly distended, but
normal m shape. The pleura is smooth and glistening, of a pink to a slate-

blue colour. On section a reddish fluid escapes from the cut surface; otherwise
there is nothing unusual. The pericardium contains about 20 c.c. clear pale-
coloured fluid The right ventricle of the heart is distended and
flabby. The left ventricle is fairly flabby. The epicardium is dark
slate-blue in colour. The vessels are prominent, appearing reddish,
with bluish streaks. The' right ventricle contains a fair amount of

blood-coloured fluid and a dark clot. The endocardium is pale slaty-blue in

colour and contains a few subendocardial blood spots varying in size from a
pin-point to a split pea. The myocardium appears somewhat moist. On
section the edges are slightly everted. The colour varies from a dirty white
to a reddish pink; a few dark red spots are present; the consistence is friable.

The periportal lymphatic glands are slightly enlarged, moist on section, other-
wise nothing unusual is noted. One Cysticercus tenuicollis is found adhering to

the visceral surface of the liver. The capsule is smooth. A fibrous band is

adhering to the parietal surface. The colour of the liver is reddish blue.

The edges are rounded. The organ appears slightly swollen, but is of usual
shape. On section a large amount of blood escapes. The colour of the paren-
chyma is dark reddish brown. A very faint trace of lobulation can be noted.
The central veins appear as dark red spots. The gall-bladder is empty. The
pancreas ^hows no changes. The dimensions of the spleen are 12x8x2 cm.
it appears slightly swollen; the edges are rounded; the colour and shape are
normal. On section the pulp appears moist and dark red in colour. The
malpighian bodies appear as dark red spots. A small amount of fat is present
around the kidney. The capsule is easily detached. On section the cortex is

light brownish yellow in colour. The medulla is diffusely pink. The consistence
is fairly friable. The fat in the hilus is gelatinous. The rumen contains a

very large amount of very moist ingesta. The reticulum contains a large
amount of solid ingesta. The omasum contents are unusually soft. The contents
of the abomasum are fairly moist. Wireworms are present. The mucous
membrane is pale. The duodenal mucous membrane shows nothing unusual.
The mucous membrane of the liver and of the je.unum has a gelatinous appear-
ance and shows an occasional reddish area. In the caecum is a large amount
of gas. The contents are clay-like. Oesophagostomum columbianum is present
in some numbers. The mucous membrane has a dirty white colour, with the
larger vessels showing up prominently. Nodules are fairly numerous. The
mucous membrane of the colon is thickened, pale pink in colour, but some
parts are rather more reddened. In the rectum are a few pinkish areas in the
otherwise pale mucous membrane.

Microscopic Examination.

Heart .—The muscle is rich in blood. The capillaries between the fibres are
filled with red corpuscles. At some places a larger vessel is noted, distended
with blood; the branches that go over into the fine capillaries are all filled

with blood. The fibres show distinct striations. Normal fat is present in

some places. Sarcosporidia are rare.

Liver .—In the centre of some of the lobules the intertrabecular spaces
appear to be distended when compared with those in the peripheral portion.
Blood is present in them. Around the centre of the lobule, although at some
distance from it, the presence of large cells, larger than liver-cells, is noted.
They are filled with ‘a brown pigment. In some instances these cells can
clearly be made out to be Kupfer’s stellate cells, particularly in places where
the cells only contain a small amount of pigment. In most liver-cells minute
granules are noticed, also of a brown colour. This applies to a section stained
with Haematoxylin-Sudan, and it would appear that the staining is due to the
Sudan. Also the large cells have a brighter colour in the Sudan-stained section
than in the Haematoxylin-Eosin section, where they are seen with some
difficulty.

Lymphatic Glands .—The blood-vessels are moderately filled with blood. The
texture of the tissue is in parts loose, devoid of cells, and here irregularly
shaped homogeneous masses are present of a dirty whitish-yellow colour. They
appear to be inspissated albuminous liquid (Van Gieson). In certain places
are groups of clumps of brown pigment of a granular appearance. This
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pigment is situated in cells varying in s :,ze and measuring 25-30 microns. The
cells are situated in the sinuses. The perivascular sheath around the arteries

in some portions also shows looseness of texture and the presence of serum.

Kidney .—No changes are found.

Pathological Anatomical Diagnosis .—General atrophy. Anasarca. Slight

ascites. Oedema of the lungs. Stasis of the upper respiratory passages. Stasis

in the heart-muscle and sarcosporidiosis. Oedema of the lymph nodes and
haemosiderosis. Stasis of the liver and pigmentation. Haemosiderin and Lipo-

luscin: Gastro-enterit is parasitica. Haemoncliosis and Oesophagostomiasis

;

Cysticercus tenuicollis.

Etiological Diagnosis.—Verminosis.

Epicrisis .—The sheep was fed in Onderstepoort with fresh leaves of

Vangueria pygmaea collected in Kaajfontein, feeding taking place daily from
the 1.12.20 to 14.12.20, i.e. a period of 14 days. It died on 18.1.21, or 49 days
after commencement of feeding, or 35 days after discontinuation. There were
no lesions in the heart indicating the presence of a chronic myocarditis, and
the usual sequelae resulting from such a state such as hydrothorax and
atelectasis were also absent. There was an acute stasis in the myocardium,
indicating the presence of heart failure, but which cannot be connected with a

chronic myocarditis. The period that elapsed between feeding and death of

the sheep compared fairly well with that required for the evolution of the
disease, but, considering the absence of any positive evidence in favour of

gousiekte, this disease must be excluded. The main lesions found were those of

a cachexia indicated by general atrophy and hydraemia; they must be connected
with the acute and chronic verminosis caused by Haemonchus contortus and
Oesophagostomum columbianum. The acute heart failure may be explained
to be a result of the intoxication caused by them. The cause is of interest,

inasmuch as it shows that notwithstanding the feeding of the plant over a

period of 14 days no lesions were produced, thus indicating that not all sheep
are affected by the toxic principle of Vangueria pygmaea.

37. Sheep DOB No. 2178.—Merino hamel (see Experiment 30), died 23.1.21.

Rigor mortis is still present. The condition is poor. The skin is soiled. The
visible mucous membranes are pale. The blood is bright red. The subcutaneous
tissue is moist. The flesh shows no changes. The peritoneal cavity shows no
foreign contents. The pleural cavities contain 200 c.c. clear serous fluid.

Lymphatic glands of neck and head are si ghtly enlarged and moist on section.

The tongue shows no changes. The oesophagus, pharynx, and larynx appear
normal. The trachea contains white froth. The mucosa is light red in colour;
some veins are showing up as red streaks. Similar conditions are noted in the
bronchi. The lungs are of normal shape and colour. The surface is smooth,
but feels less elastic than usual. On section a small amount of white froth
escapes. The pericardium contains 30 c.c. clear serous fluid. The heart is

larger than normal and fairly firm. The epicardium is reddish blue. Roth
ventricles and atrium show large blood clots. The endocardium and myocardium
show no changes. The liver is swollen; the edges are rounded; the colour is

reddish blue. The lobulation is distinct. On section a considerable amount of

blood is noted. The edges are everted. The central veins are very prominent
and surrounded by a raised yellowish periphery. The pancreas appears normal.
The spleen is somewhat small; on section no changes are noted. The capsula
adiposa of the kidneys shows a fair amount of fat. On section the cortex is

light pink in colour; also the medulla. The fibrous capsules are easily detached.
The rumen, reticulum, and omasum show no changes. The mucosa of the
abomasum is slightly thickened and diffusely reddened. The mucosa of the
duodenum is thickened

;
it is very red and covered by reddish and opaque

mucous exudate. Proceeding caudalty, this condition decreases and finally
disappears. Jejunum and ileum show no changes. The mucosa of the caecum
is slightly thickened and shows red patches. The colon shows no changes.
The bladder and the sexual organs show no alterations.

Pathological Anatomical Diagnosis .—Slight oedema of lungs. Hydrothorax.
Dilatation of heart. Stasis and fatty degeneration of liver. Fatty degenera-
tion of the kidneys. Slight mucous catarrhal enteritis.

Etiological Diagnosis.—Gousiekte.
Epicrisis .—The sheep was fed in Onderstepoort daily with leaves of

Vangueria pygmaea for a period of 14 days. It died of gousiekte 39 days after
feeding had commenced. The lesions of the disease were fairly well developed.

38. Sheep DOB No. 2899.—Six-tooth Merino hamel (see Experiment 31),
died 17.2.21. Rigor mortis is present. The condition is good. The abdomen
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is distended. The conjunctivae are slightly injected. The subcutaneous tissue

in the region of neck and shoulder is blood-stained. The peritoneal cavity
contains 300 c.c. of red tinged liquid. The diaphragm is forward convex.
The pleural cavities contain 700 c.c. clear liquid. The retropharyngeal
lymphatic glands are slightly enlarged, red, and very moist. Tongue and
oesophagus show nothing unusual. The pharyngeal lymphatic follicles are
enlarged. The larynx is diffusely red. The cervical trachea contains some
foam; the vessels of the mucosa are injected. The right lung is enlarged. The
apex and portion of the cardiac lobe are atelectatic. The parenchyma of the
lungs is moist, rich in blood. The capillaries of the bronchi are injected and
contain foam and mucus. Similar conditions are in the left lung. The intima
of the thoracic aorta is slightly wrinkled. The pericardium contains 25 c.c.

clear fluid. The heart is enlarged. The small vessels of the pericardium are
injected; the right ventricle is distended with dark coagulated blood. The
endocardium shows a slight diffuse reddening, and several capillaries are
injected. The left ventricle and endocardium show identical con-
ditions. The liver is slightly enlarged

;
on section the lobulation is

distinct. The centre of the lobules is red
;

the periphery is rather
pale. The interlobular tissue is injected. The consistence is softer

than normally. The walls of the gall-bladder are thickened. The
mucosa is rough and yellowish. The bladder contains some yellowish thick
viscid bile. The spleen dimensions are 10x7x2 cm. On section the trabeculae
and malpighian bodies are not distinct. The pulp is dark red in colour, moist,
and slightly protruding. The suprarenal glands are slightly reddened and
moist. The right kidney is somewhat enlarged, fairly rich in blood. The
capsula fibrosa is easily detached. The vessels are injected. On section,
marked red striations are noted. The zones are distinct. The consistence is

soft. The left kidney shows identical alterations. The rumen contains the
usual amount of solid food. The mucosa is peeling off. The recticulum and
omasum show nothing unusual. The abomasum shows mucous contents with
clots of coagulated blood. The mucosa is diffusely red, and some patches of

haemorrhagic extravasations and petechia© are present. The pyloric portion
i s much swollen. The mucosa of the duodenum shows a slight diffuse reddening
and shows a. markpd injection of the vessels; hkewise the jejunum, which contains
blood-stained mucus. The ileum is diffusely red, and haemorrhagic streaks are
noted. Nodules are present in the walls. The walls of the caecum are slightly

oedematous. The vessels are injected, and haemorrhagic patches are present.
Similar conditions are seen in the colon. A few nodules are also present. The
walls of the rectum are thickened, and the mucosa shows red streaks. The
mesenteric glands are moist. The mesentery is rich in fat. The bladder is

empty. The mucosa is diffusely reddened. The vessels of the pia mater are
injected, otherwise nothing unusual is noted.

Microscopic Examination.

Heart (Sudan).—A large number of sarcosporidia are present. Numerous
muscular fibres show the fat reaction, the fibres having the appearance as if

covered with dust, due to the presence of very minute granules which obscure
the striation. In many parts the fibres are widely separated by a transparent
tissue

;
in these parts the muscular fibres appear interrupted, tapering out on

both ends, and the pieces so left show fat granules. The capillary vessels

contain blood; they are by no means conspicuous in the transparent portion,
but are more conspicuous in the parts where muscular fibres are more
densely packed. Haematoxylin-Eosin : The section generally has a patchy
appearance owing to the replacement of muscular tissue by connective tissue,

in which only portions of muscular fibres are present
;

the connective tissue is

not rich in cells; the nuclei are of a vesicular type; there are, however, also

round cells present. The greater portion of the section is altered in this
way. In apparently normal fibres, striation is still distinct.

Liver .—Sudan gives a distinct fat reaction in the central veins. In the
periphery of the acinus, the cells show a diffuse brown discoloration, and some
contain fat globules. The central vein and the adjacent capillaries are much
distended by red corpuscles. Between them the trabeculae have almost dis-

appeared, and in their places are a number of fat globules. The central and
middle portion of an acinus appear accordingly transparent. The interacinous
tissue is in most places decidedly increased. Haematoxylin-Eosin: The trans-
parency of the central portion of the acinus is pronounced; the peripheral and
the central portion show the capillaries much engorged, whereas in the
intermediary portion the capillaries are not visible or contain but little blood.
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In the transparent central portion the cytoplasma of the cells has a finely

vacuolar appearance. In the interacinus septa an increase oi connective

tissues cells in some places is fairly conspicuous.

Kidney —Sudan only gives a fat reaction in a few tubuli c-ontorti. The
fat granules are very scanty. Haematoxylin-Eosin: The vasa recta of the

intermediary zone are distended with red corpuscles. Most of the glomerules

fill the capsule; in some a place is left which is filled with a pinkish substance.

Also the tubuli eontorti in many places show the lumen filled with apparently

cellular substance of a deep pink staining; the nuclei in some places are absent,

in others they are apparently undergoing pycnosis.

Spleen (Haematoxylin-Eosin).—Blood is present, forming distinct lagoons

in the pulp, obscuring all other elements of structure. In some places the

trabeculae are decidedly thickened, and the reticulum have a pinkish transparent

appearance. Brown pigment is present in fairly large quantities.

Lungs (Haematoxylin-Eosin).—Some alveoli are filled with a pinkish trans-

parent substance. All capillaries are much distended with blood. In some
places the blood appears to be in the alveoli. The mucous membrane of the

bronchi in most cases is still folded, in others distended; some bronchi are filled

with desquamated epithelial cells and round cells. Around some of the bronchi
an accumulation of lound cells is noted.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Myocarditis pro-

ductiva. Fatty degeneration of myocardium. Stasis of the liver and central

fatty degeneration. Slight cirrhosis. Cloudy swelling; fatty degeneration
and hyperaemia of the kidney. Chronic tumor splenis. Haemosiderosis.
Atelectasis of lungs. Haemorrhage and ' bronchitis catarrhalis. Ascites.

Hydrothorax. Gastro-enteritis catarrhalis. Helminthiasis nodularis intestini.

Stasis in subcutaneous tissue of neck.
Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 2899 was fed in Onderstepoort on leaves of Vangueria

pygmaea collected in Witfontein. The feeding was carried out daily from
28.12.20 to 11.1.21, a period of 14 days. The sheep died of gousiekte on 17.2.21,

i.e. 51 days after commencement, or 37 days after discontinuation of feeding
of the plant. The lesions in the heart were those of a myocarditis productive,
and its extensive development accounts for the many pathological changes found
in the different organs. Of particular interest is the fatty degeneration of the
heart-muscle, and the question arises again whether this fatty degeneration
is a precursor of the connective tissue that replaces the muscular tissue. In

view of the fact that feeding of the plant has been discontinued for at least

37 days, it is not likely that the fatty degeneration is caused by the toxic-

principle, but it is more likely a sequel to the impaired heart action as a result
of the presence of the connective tissue.

The case is a typical gousiekte ; the lesions of a general stasis were pro-
nounced throughout the whole system, and were marked in the subcutaneous
tissue of the neck.

39. Sheep DOB No. 3110.—Full-mouth Merino hamel (see Experiment 32),

died 4.3.21. Rigor mortis is not present. The condition is fair. The abdomen
is not distended. The visible mucous membranes are bluish. The nostrils are
soiled. The flesh and subcutaneous tissue along the neck and jaw is rather
moist. The blood is not coagulated. The peritoneal cavity contains 100 c.c.

clear fluid. The situs viiscerum shows nothing unusual. The diaphragm is

forward convex. The pleural cavities contain 500 c.c. clear colourless fluid. The
salivary glands show nothing unusual. The retropharyngeal lymphatic glands
are moist; also the mediastinals. Tongue and oesophagus show no changes.
The pharynx and larynx contain some moisture. The mucosa is rather pale;
also that of the trachea. The consistence of the lungs is elastic. Its colour is

pink, except both epicardial and apical lobes, where the tissue is atelectatic
solid, moist, and dark purple. The pericardium contains some clear colourless
liquid. The heart contains not coagulated b'ood. The eoicardium shows
nothing unusual. The left ventricle is distinctly dilated. The endocardium
shows no alterations. The myocardium is somewhat pale. The periportal
lymphatic glands are enlarged and grey on section. The capsule of the liver
is smooth. On the diaphragmatic surface are a few calcified cysticerci

(C . tenuicollis). On section, the liver tissue has a nutmeg appearance, and is

very friable. The pancreas shows nothing unusual. The dimensions of the
spleen are 9x6x1 cm. The borders are slightly rounded. The pulp is rich
in blood. The malpighian bodies are not distinct. The kidneys show nothing
unusual. The rumen, reticulum, and omasum show no changes. The abomasum
contains some nematodes (TJaemonclius contortus). The mucosa of the
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duodenum has a dark red appearance, likewise that of the jejunum, and the
walls contain numerous nodules. In the large intestines nodules are also

numerous. The mesenteric lymphatic glands are enlarged and moist. The
bladder shows nothing unusual. The sexual organs show no alterations.

M lcroscopic Examination.

Heart (Sudan).—Quite a number of muscle fibres show distinct fat reaction
>

the granules being very minute and obscuring the stnation. This fatty
degeneration is most distinct in places where at the same time a cellular infiltra-

tion is present. The capillaries are filled with blood, and the corpuscles are
crowded in double rows along the muscular fibres. In many places the
fibres are separated, and the space is occupied by a transparent fibrillar tissue

or by a tissue rich in nuclei
;

sarcosporidia are present. Haematoxylin-Eosin :

The cells which are seen to form the interfibrillar collections are mostly round
cells: some are of the type of lymphocytes; some are larger than lymphocytes,
and some are fibroblasts. In some instances^ between the fibres, a substance
is present that appears finely granular and thready. Through the presence of

these cellular foci the texture has a somewhat patchy transparent appearance.
Liver (Sudan).—The capillaries around the central veins are somewhat

distended with blood The central liver-cells show minute fatty granules

;

only a few are somewhat larger. Some of the cells in the periphery show
vacuoles giving here the texture a somewhat perforated appearance.
Haematoxylin-Eosin : A somewhat disturbed arrangement of the trabeculae
near the central veins is noted. The vacuolar appearance of the liver-cells in

the periphery can also be recognized with this stain. Some brown pigment is

present in the cells along the central veins.
Kidney .—Sudan gives no reaction. The texture of the cortex is somewhat

loose; between the tubules empty spaces are noted. Haematoxylin-Eosin:
The same appearance of texture as in the Sudan-stained section.

Spleen .—Sudan gives no reaction in the pulp, but fine fat granules are
present in some follicles. Haematoxylin-Eosin : The malpighian bodies in some
places are fairly transparent, corresponding to those that in the Sudan show
fatty degeneration. A fair amount of blood is noted in the pulpa. The trabe-
culae of the reticulum appears thickened and homogeneous.

Lymphatic Glands .—Sudan gives no reaction. In the sinuses are a great
number of cells with brown pigment. Haematoxylin-Eosin : The reticulum
appears thickened; the sinuses are filled with cells; many contain pigment.

Pathological Anatomical Diagnosis .—Dilatatio cordis. Myocarditis
chronica. Sarcosporidiosis. Stasis and oedema. Stasis and fatty degenera-
tion of the liver. Lipofuscin. Pigmentation. Peripheral vacuolar degenera-
tion. Atelectasis and oedema pulmonum. Slight tumor splensis. Fatty
degeneration of follicles. Hypertrophy of the reticulum. Lymphadenitis
chronica and haemosiderosis. Slight ascites. Hydrothorax. Oedema of the
subcutaneous tissue and lymphatic glands of forequarters. Enteritis catarr-
halis. Helminthiasis intestini (Haemonchiis contortvs and Oesophagostomvm
columbianum).

Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 3110 was fed in Onderstepoort with leaves of Vangueria

pygmaea collected in Witfontein, the feeding being carried out daily from
1 1 .1.21 to the 25.1.21, a period of 14 days. The sheep died on 4.3.21, i.e.

52 clays after commencement of feeding, or 38 days after discontinuation. The
evolution of the disease was thus a slow one, with which the chronicity of some
of the pathological lesioiis are in accordance, such as the dilatation of the left

ventricle. It w'as associated with a myocarditis chronica and fatty degenera-
tion; the latter is considered to be of a secondary nature. Almost all the
lesions noted can be interpreted as a sequel of the heart affection, which is

indicating a chronic stasis in the various organs, and followed by ascites, hydro-
thorax. atelectasis, fatty vacuolar degeneration of liver, tumor splenis. Part
of the lesions, such as the anasarca, may be explained by the presence of the
nematodes.

40. Sheep DOE No. 3173.—Merino hamel (see Experiment 32), died 10.3.21.

Rigor mortis is still present in the hindquarters. The condition is good. The
abdomen is distended. The integument is intact. The natural openings are
closed. The subcutaneous tissue on both sides of neck and shoulder is pink to

deep red and moist. The flesh shows no changes. The peritoneal cavity
contains £-litre of red-stained fluid. The pleural cavities contain 250 c.c. red-

stained fluid. The salivary glands and the thyroid show no changes. The
oesophagus contains some ingesta. The tongue appears normal. In the
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pharynx, ingesta ai'e present. The larynx and trachea are filled with pink-

red froth. The mucosa is injected and haemoglobin stained. The thoracic

aorta shows no changes. The lungs are contracted; the pleura is smooth. The
intima of the pulmonary veins is haemoglobin stained. The bronchi and
thoracic trachea contain pink-red froth; the mucosa is injected and haemo-
globin stained. The parenchyma is pink-red, elastic. On pressure gas-bubbles

and some liquid escapes. The pericardium contains 10 c.c. reddish fluid. The
heart is much dilated, and the epicardium is haemoglobin stained. The right

ventricle contains a black blood clot. The endocardium is haemoglobin stained.

The left ventricle is much dilated, and the walls appear rather thin. The
myocardium shows post-mortem changes. The liver shows advanced post-mortem
changes, as well as the pancreas. Spleen (13x8x3 cm.) has the borders
rounded. The tissue shows post-mortem changes. The suprarenal glands are

pale. The kidneys are rich in fat; the capsule is easily detached. On section

the zones are distinct; the cortex is yellowish brown. Post-mortem changes are

present. Rumen, reticulum, and the omasum show post-mortem changes. The
abomasum contains semi-fluid ingesta. The mucosa shows post-mortem changes.

The small intestine show post-mortem changes; nodules are present in the

walls and also in the large intestines. The bladder is empty.
Pathological Diagnosis .—Oedematous haemorrhages in subcutaneous tissue

of forequarter. Slight ascites. Hydrothorax. Dilatation of heart. Oedema
of lungs. Tumor splenis. Advanced post-mortem changes in all organs. Hel-
minthiasis nodularis of the intestines.

Etiological Diagnosis.—Gousiekte.
Epicrisis .-—The sheep was fed in Onderstepoort on leaves of Vangueria

pi/gnaea for a period of 14 days. It died of gousiekte on 10.3.21, i.e. 58 days
after feeding commenced. The lesions of gousiekte were typical, although some-
what obscured by the advanced putrefaction.

41. Sheep DOB No. 3137.—Full-mouth Merino liamel (see Experiment 32),

died 14.3.21. Rigor mortis is not complete. The condition is fair. The
abdomen is slightly distended. The integument shows nothing unusual. The
bloody mucous discharge is noted in the nostrils. The mucous membranes of

the eyes are injected. In some places of the neck the subcutaneous tissue is

rich in blood. The peritoneal cavity contains 5-litre of a somewhat dark yellow
fluid. The pleural cavity contains 350 c.c. of clear yellow fluid. The salivary
glands are enlarged, dark red, and marked blood extravasations are present.
The thyroid shows nothing unusual. The tongue shows no changes. The
mucosa of the oesophagus is of a dark purple colour. The mucosa of the
pharynx is dark purple; that of the larynx and trachea shows no changes.
The lungs are pink in colour, except both epicardiac lobes, and the right
apical, where the tissue is sunken. It has a dark violet appearance.
The bronchi and vessels show no alteration. Nothing unusual is noted in the
pericardium. The heart is distended with well-coagulated blood. The right
endocardium is red stained. The left ventricle is dilated. The circumference
of the heart at the base is 13 cm.; near the apex, cm. The endocardium
shows nothing unusual. The myocardium is greyish and partly dark red in

colour. The walls of the gall-bladder are thickened. The bladder contains
thick yellow bile. The liver is of usual shape and size; its capsule is smooth.
The parenchyma is partly discoloured. On section it is too decomposed for
description. No changes are noted in the pancreas. The dimensions of the
spleen are 9iX 7jXl 5 cm. The pulp is flabby, slightly protruding on section.
The suprarenal glands show portion of the cortex dark red. Another portion
is pink. The adipose capsule of the kidney is rich in fat. The fibrous capsule
is easily detached. On section a slight dark striation of the marginal zone is

noticeable. Rumen, reticulum, and omasum show no abnormalities. The mucosa
of the abomasum is dark red in colour, likewise that of the small intestine.
In the latter the vessels are markedly injected. A few nodules are present in
the wall of the ileum, and also in the large intestines. The mesenteric lymphatic
glands are slightly enlarged. The mesentery is rich in fat. The bladder shows
nothing unusual. The brain appears to be very moist.

Microscopic Examination.

Heart (Sudan).—A number of muscular fibres show slight fatty degenera-
tion in the form of very minute granules, obscuring the cross-striation. The
distribution of these changes in many places is patchy and in conjunction with
a transparent connective tissue between the fibres and the bundles of fibres.
The capillaries contain blood in some places. In the capillaries the corpuscles
are arranged in double rows. In these places connective tissue is much in
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evidence. Sarcoporidia are rare; one is seen in a Purkinje’s fibre. Haema-
toxylin-Eosin : The section has a patchy appearance, due to the presence of

transparent connective tissue between the muscular fibres and bundles of fibres.

The connective tissue is comparatively poor in cells, most of which belong
to the fibroblastic type. In some places are lymphocytes present and also

larger mononuclear cells corresponding to the description of polyblasts. Between
some of the fibres is a transparent substance, which is slightly thready; also

red corpuscles are noted outside the vessels in such a place. At another place
fibrillar connective tissue is present. The cells are fairly numerous

;
their nuclei

are elongated and spindle-shaped. This tissue completely replaces the muscular
fibres, some of which are thin

?
tapering out on one or both ends, or they are

broken up at the ends, dissolving into fibrils.

Liver (Sudan).—The lobules show fatty reaction in the cells surrounding
the central vein, well pronounced in some instances, and in the cells of the
periphery in others. The fat reaction is, however, present in all cells through-
out the lobules. The capillaries are filled with blood, and between them the
trabecules are narrow, the cells showing up mainly through their fatty contents.
Haematoxylin-Eosin : In the liver-cells of the central portion of some lobules the
nuclei appear pycnotic and the cell-plasma more homogeneous pinkish than in

cells of other parts of the lobules, which possess a normal nucleus. Small
vacuoles are present in the cells throughout the lobule.

Kidney .—Sudan gives no fat reaction. The tubuli contorti are somewhat
dilfusely stained, but no fat granules are present. Differentiation between
lumen and epithelial lining is distinct; the nuclei are still present. The
glomerules completely fill the capsule. Blood is present in the vessels of the
convoluted portions and in the capillaries of the glomerules. In the medulla the
tubules show distinct fatty reaction, the fat granules reaching a fairly large
size. In some places between the tubules is an increase of fibroblastic tissue,

fairly localized.

Spleen.—Hamatoxylin-Eosin : A fair amount of blood is noted in the
pulp. The reticular tissue in some portions is well marked.

Lungs.—Haematoxylin-Eosin: The capillaries are distended with blood,

closing the lumen of alveoli to small clefts. Homogeneous exudate is present in

some of the alveoli; desquamated epithelial cells are also present.
Pathological Anatomical Diagnosis.—Ascites. Hydrothorax. Dilatatio

cordis. Stasis of the myocardium. Haemorrhage. Fatty degeneration. Myo-
carditis productiva Sareosporidiosis cordis. Fatty degeneration and chronic-

stasis of the liver. Atrophy and pycnosis of liver-cells. Hyperaemia of the
cortex of the kidney. Nephritis interstitialis. Fatty degeneration of the
tubuli recti. Atelectasis and oedema pulmonum. Hypertrophy of the tra-

beculae splenis. Oedema and haemorrhages of the lymph nodes. Enteritis
catarrhalis at head and neck. Stasis of the subcutaneous tissue and mucous
membranes of head.

Kliological Diagnosis .—Gousiekte and helminthiasis intestinorum (Oesv-
pitagostoiriwni columbianum). Helminthiasis nodularis intestini.

Epicrisis .-—Sheep 3137 was fed at Onderstepoort with Vangueria pygmaea
obtained at KaaJfontein. The feeding began on 11.1.21 and was discontinued
25.1.21, i.e. after a period of 14 days. The sheep died on 14.3.21, or after a
period of 62 days subsequent to commencement of feeding of the plant, or
48 days after discontinuation. The evolution of the disease was very slow;
indeed, this is one of the longest periods on record in our feeding experiments of

a sheep dying of gousiekte after its removal from a Vangueria pasture. The
sheep was at the time of death in fair condition

;
fat was present in the

mesentery and in the adipose tissue of the kidneys. The striking lesions found
were in the heart. The ventricles were dilated and filled with well-clotted
blood; in particular, the left ventricle was much dilated. The myocardium
showed capillary stasis, fatty degeneration and atrophy of the muscular fibres,

and the presence of a connective tissue that replaced the muscular tissue in

many places. The fatty degeneration of the muscular fibres was of an irregular
distribution and most pronounced in the portion adjacent to the connective
tissue patches. In a case of such long standing it is not likely that fatty
degeneration is the primary effect that takes place in the heart. It is most
likely that the fatty degeneration is a sequel and results from the impaired
action of the heart, due to the presence of the cicatricial tissue. Such tissue
is devoid of elastic fibres, and it is therefore evident that the heart, the
muscular fibres of which have partly disappeared, became more and more
inelastic, gradually dilated and finally fail to respond when some unusual extra
effort was suddenly required. Heart weakness has apparently been present
for some considerable time. An insufficiency in the supply of the different
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organs with fresh blood lias resulted. The nutrition has suffered, and a fatty
degeneration of liver and kidney was the consequence. Also the lesions in

the respiratory organs must bo considered to be a sequel to the failing heart;
the hydrothorax resulting from the stasis and the atelectasis from the compres-
sion of the margo acutus by the collected liquid in the pleural cavity. Similarly,
the ascites is a sequel to the stasis; likewise the hypertrophic trabeculae in

the spleen. The presence of interstitial fibroblastic tissue in the medullary
portion of the kidney may be of an intercurrent nature, but it may also be
connected with the tonic agency of the plant similar to the other lesions found
in the heart. Also the subcutaneous stasis and hyperaemic lymphnodes in the
neck may find an explanation as the result of a stasis.

42. Sheep DOB No. 3089.—Four-tooth Merino hamel (see Experiment 32),
died 24.2.21. Rigor mortis is not complete. The condition is fair. The
abdomen is much distended. The conjunctiva and the mucous membrane of

the mouth is pale. The subcutaneous tissue in the region of the neck is rich in

blood. The peritoneal cavity contains about 150 c.c. clear, red liquid. The
rumen is much distended by gas. In the pleural cavity was 100 c.c. clear fluid.

The retropharyngeal lymphatic glands are red and rich in blood. Tongue,
pharynx, and oesophagus show nothing unusual. The mucosa of the larynx is

very red. The right lung is slightly enlarged. On section it is moist and
fairly rich in blood. Some foam is present in the bronchi. Similar conditions
are noted in the left lung. The trachea is diffusely reddened, and foam is

present in the lumen. The pericardium contains 15 c.c. liquid. It is of

gelatinous consistency. The vessels of the epicardium are slightly dilated.
Coagulated blood is present in the right ventricle, which is dilated. The left

ventricle also contains coagulated blood. It also is slightly dilated. The
endocardium of both ventricles is pale. The wall of the right myocardium is

5 mm. That of the left 9 mm. Its colour is paler than normal. The con-
sistence showed nothing unusual. The liver is normal in size. On section the
lobulation appears fairly distinct. The parenchyma is rather pale. The con-
sistence is normal. The gall-bladder contains some yellow bile. The spleen
is slightly swollen, 10x7x2 cm. On section the trabecules are not so distinct.
The malpighian bodies appear enlarged. The pulp is dark red and somewhat
soft in consistency. The suprarenal glands are pale. The capsule of the kidney
is easily detached. A few small red spots are noted on the surface. On section
the parenchyma appears rather pale. Rumen, reticulum, and omasum show
nothing unusual. The mucosa of the abomasum is pale. The mucosa of the
duodenum, jejunum, and ileum is pale. In the walls of the large intestines a
few parasitic nodules are noted. The colon of the rectum is reddened near the
anus. The bladder is contracted and empty. The vessels of the pia mater are
somewhat injected.

Mi croscopic Examination.
Heart .—In the Sudan-stained section some of the fibres show very minute

granules obscuring the striation. The distribution of these areas is somewhat
patchy. A few sarcosporidia are present. Haematoxylin-Eosin : The capil-
laries between the fibres contain much blood. In some the corpuscles are
packed in double rows. In some places the fibres are separated from each
other, and the space is occupied by a homogeneous substance (serum). In some
places is a cellular infiltration. The cells, how'ever, are not numerous; some
are round and some oval-shaped.

Liver (Sudan).—The liver-cells around the central veins show a more diffuse
staining than those in the periphery. On higher magnification no granules
are noticeable in these cells. The stellate cells show Sudan-stained granules,
accordingly the acinus has somewhat a dotted appearance. Blood is present
in the capillaries of the central portion. The Haematoxylin-Eosin section
shows nothing unusual.

Kidney .—Stidan gives no reaction. Haematoxylin-Eosin: Somewhat
diffuse pink staining of the tubuli contorti is noted and disappearance of the
lumen.

Spleen .—Sudan gives no reaction.
Lymphatic

_

Glands.—Haematoxylin-Eosin: The blood-vessels are rich in
blood. There is also blood in the sinuses.

Limps (Haematoxylin-Eosin).—The lung-vessels are enormously distended;
the section has a somewhat patchy appearance due to the large distension of
some of the alveoli and alveolar passages; in between are denser portions in
which the capillaries are tremendously engorged, compressing the alveolar
lumen to small clefts

;
some of these clefts are filled with a homogeneous

substance. The epithelial cells are also desquamated, and red corpuscles are
seen occasionally in the lumen.
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Pathological Anatomical Diagnosis.—Slight fatty degeneration of the
myocardium. Sarcosporidiosis. Stasis and fatty degeneration of the stellate

cells in the liver. Cloudy swelling of the kidneys. Hyperaemia and oedema.
Emphysema. Atelectasis. Helminthiasis nodularis intestinorum. Slight
anaemia.

Etiological Diagnosis.—Acute tympany.
Epicrisis.—The sheep was fed in Onderstepoort on Vangueria pygmaea from

11.1.21 to 25.1.21, a period of 14 days. Death occurred on 24.2.21, or 44 days
after commencement, or 30 days after discontinuation of feeding. This period
would fit in with the period for gousiekte, as observed in the feeding experiment
in which the sheep died of this disease. Accordingly, one would rightly expect
to find identical changes in this case. The lesions of a chronic myocarditis
were, however, not present. The cellular infiltrations in the heart-muscle
could be interpreted as an indication of a slight inflammatory process. They
were, however, hardly of sufficient extent to justify the diagnosis of gousiekte.
A stasis was present in the myocardium

;
the typical lesions noted to occur in

other organs as sequels to a weakened heart were absent. Accordingly, this

case cannot he interpreted as one of gousiekte, and the cause of death must be
interpreted differently, judging from the condition of the vessels. Acute
tympany is suggested. It would explain the presence of the blood in both
ventricles of the heart, the hyperaemia of the lungs and of the respiratory
passages, and the stasis in the subcutaneous tissue of the neck. There was a

slight anaemic condition present. The slight collection of serum in thorax and
peritoneum, as well as the slight fatty degeneration in the liver, may be
explained as a sequel to the anaemia.

43. Sheep D()B No. 1465.-—Merino hamel, yearling (see Experiment 33), died
6.3.21. Digor mortis is present. The condition is fair. The abdomen is

distended. The integument and the visible mucous membranes show no
changes. The subcutaneous tissue of the neck contains much blood and
moisture. The peritoneal cavity contains a small amount of fluid and the
pleural cavity a very large amount. The retropharyngeal lymphatic glands are
enlarged and moist. The tongue shows no changes. The pharynx, oesophagus,
and larynx contain some mucus. The mucosa of the trachea is reddish. The
bronchi contain a small amount of foam. The lungs are partly collapsed ;

reddish areas are present in the apical lobes and oval portion of diaphragmatic
lobes. On section, the tissue of these areas is liver-like in consistence and
dark red in appearance, the alveoli are obliterated. The pericardium contains
about 7 c.c. fluid. The heart is flabby, soft, and enlarged; both ventricles are
dilated, especially the left. The walls of the ventricles are thin; the myocar-
dium is light in colour. The periportal glands are swollen and moist on section.
The liver is slightly enlarged. The parenchyma is lighter in colour than
normally. The borders of the liver are rounded. Glisson’s capsule is easily

removed. The gall-bladder is distended with greenish-yellow bile. The
pancreas show no changes. The spleen is enlarged and flabbv. The paren-
chyma is soft. The suprarenal glands are slightly enlarged. The kidneys are
flabby and purple. The capsule is easily detached. The rumen contains a

large amount of ingesta. The reticulum and omasum show no changes. The
mucosa of the abomasum is slightly reddened. The wall of thei duodenum
contains a few parasitic nodules, also the walls of the jejunum and ileum. In
the walls of the caecum and colon a large number of similar nodules are present.
The mucosa shows a number of red spots. The mesenteric lymphatic glands
show no changes. The mesentery contains a large amount of fat, likewise the
omentum.

Pathological Anatomical Diagnosis.—Dilatation of the heart. Hydrothorax.
Slight ascites. Haemorrhage. Anasarca in subcutaneous tissue of cervix.
Slight oedema of lymphatic glands. Tumor splenis. Statis and fatty
degeneration of the liver. Helminthiasis nodularis intestinorum (Oeso-
phagostom iasis)

.

Etiological Diagnosis.—Gousiekte.
Epicrisis.-—The sheep was fed in Onderstepoort over a period of 13 days

with leaves of Va/ngxieria, pygmaea collected in Witfontein. It died of gousiekte
40 days after commencement of feeding. The post-mortem lesions of this disease
were well pronounced and affected all the organs that usually become involved
in the general stasis caused by an impaired heart action.

44. Sheep DOB No. 3082.—Merino hamel (see Experiment 34), died 27.3.22.

Digor mortis is present. The condition is good. The abdomen is distended.

The integument shows nothing unusual. The visible mucous membranes are
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bluish red. The flesh and subcutaneous tissue appear normal. The peritoneal

cavity shows no foreign contents. The diaphragm is forward convex. The
pleural cavities show nothing unusual. The retropharyngeal lymphatic glands

are slightly swollen and red; on section, soft; the tongue shows nothing

unusual. Pharynx, larynx, and trachea appear normal. The lungs arc

wine-red in colour, larger than usual, and clastic. The bronchi contain foam.

The lung tissue on section is of a wine-red colour
;
much blood and froth is oozing

out. The pericardium contains 7 c.c. clear yellow liquid. The heart appears

enlarged; it is in the state of diastole. In the epicardium are a few dark
red points. The right ventricle appears dilated; both endocardiums and the

valves show nothing unusual. The myocardium is pale. In the apex of the

left ventricle a hard white nodule the size of a small hazel-nut can be seen.

The consistence of the myocardium is hard. The liver is dark brown-red; on
section much blood is oozing out. The lobules are visible. The central veins

are distinct. The pancreas shows nothing unusual. The dimensions of the

spleen are 12x8x2 cm. On section the pulp is very soft, red-brown in colour.

The malpighian bodies are clearly visible; also the trabeculae. The suprarenal
glands show nothing unusual. The capsule of the kidneys is easily detached.
The cortex is yellowish. The medulla is pink. The stomachs show nothing
unusual. The mucosa of the duodenum is slightly swollen, pink in colour; that
of the jejunum shows nothing unusual. In the walls of the ileum are some
nodules. The walls of the caecum and colon contain numerous nodules, and in

the lumen are adult Oesophagostomum coinmbianum

.

In the mesentery is a

large amount of fat. The bladder shows nothing unusual.

Microscopic Examination.

Heart (Sudan).—Almost all the muscular fibres show the fat reaction, but
only in a slight degree, and more as a diffuse staining. The presence of fat

globules in some places can nevertheless be distinctly recognized. A fair amount
of fat is present in normal fat depots. The section has a patchy appearance
due to the presence of connective tissue, which is very rich in round cells, and
fibroblasts replacing the muscle fibres, of which only remnants are present.
This increase in fibroblastic cells is practically everywhere. Sarcosporidia are
present. Haematoxylin-Eosin : The remnants of muscular fibres have
frequently a homogeneous appearance; the larger blood-vessels are filled; the
capillaries contain but little blood.

Liver (Sudan).—The capillaries are filled with blood; occasionally fat
granules are seen in the livei'-cells. Brown pigment is present in some of the
stellate cells. There is a general disturbance in the acinous tracing.
Haematoxylin-Eosin : The trabeculae of the acini appear somewhat narrow.
In some of the capillaries an increase of white corpuscles is present, mostly of

lymphocytes.

Kidney (Sudan).—No fat reaction is noted in cortex and none in the
medulla, except in a few tubules approaching the papilla. An increase of
connective tissue between tubules of the intermediary zone is conspicuous.
The cells are of a fibroblastic type, densely crowded, and forming striae between
the tubules

;
similar striae are noted in the cortex, and here apparently in

relation to vessels, cross-sections of which are noticeable. The glomerules fill

the capsules. The tubuli contorti are distinctly differentiated in lumen and
lining. Haematoxylin-Eosin: The interlobular veins contain blood; it is

absent in the intertubular capillaries. The intermediary zone is rich in it.

Spleen.—Sudan gives no reaction. Haematoxylin-Eosin: The follicles

appear somewhat small
;

the blood of the pulp is not particularly increased,
and the reticulum in some places is distinctly visible.

Lungs (Haematoxylin-Eosin).—The blood-vessels and capillaries are filled

with blood, closing the lumen of the alveoli to about half-size. In others the
lumen is completely collapsed. A homogeneous substance is also present in
some. Most of the bronchi are distended ; also the alveolar passages.

Pathological Anatomical Diagnosis.—Dilatntio cordis. Myocarditis
chronica. Sarcosporidiosis of the myocardium. Encapsulated cysticereus in
apex of heart. Stasis of the liver; very slight fatty degeneration and
lipofuscin pigmentation. Slight lymphocytosis in the liver. Interstitial
nephritis productiva. Fatty degeneration of some tubuli recti. Tumor
splenis. Hypertrophy of reticular tissue. Atrophy of glomeruli. Hyperaemia
and oedema and atelectasis of the lungs. Enteritis catarrhalis. Helminthiasis
nodularis intestini (Oesophagostomiasis).

Etiological Diagnosis.—Gousiekte.

4
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Epicrisis .—Sheep 3082 was fed in Onderstepoort from 8.2.21 to 21.2.21, i.e.

for a period of 13 days, with fresh leaves of Vangueria pygmaea that had been
collected in Witfontein during the same period. The sheep died on 27.3.21 of

gousiekte, i.e. 47 days after commencing of feeding or 34 days after discontinua-
tion. The main lesions of gousiekte, those of myocarditis chronica., were well

and extensively developed. It is, therefore, somewhat surprising to see that
the sequelae noted in such cases were to a great extent absent. The fatty
degeneration in liver and kidney may be considered as such. Attention may
be drawn to the fact that this sheep was fed in Onderstepoort, where it was
kept in close confinement, a fact that might account for the absence of these

lesion as well as for the long period that elapsed before the sheep died. Of
interest is the presence of the nephritis chronica. Its presence may be
accidental; it would appear, since it was' met with in other cases, that it is

connected with the toxin itself, being a corollary to the lesions in the heart.

45. Sheep DOB No. 3189.—Eight-tooth Merino hamel (see Experiment 35),
died 14.4.21. Rigor mortis is present. The condition is fair. The abdomen is

sunken. The integument shows nothing unusual. The conjuctiva is somewhat
pale. The subcutaneous tissue is rich in blood in the cervical region. The
peritoneal cavity shows nothing unusual. Each pleural cavity contains about
150 c.c. of clear liquid. The lymphatic glands of the mediastinum are enlarged,
very moist. Tongue and oesophagus show nothing unusual. The trachea
contains a small amount of foam

;
some vessels are injected. In the larynx

the lymphatic follicles are enlarged. The lungs are not collapsed. On section
they are rich in blood and serum. Foam is present in the bronchi; their
mucosa is pale. The thoracic aorta shows nothing unusual. The pericardium
contains 5 c.c. liquid. The epicardium shows nothing unusual. The right
heart contains a small blood clot. The endocardium shows nothing unusual.
Also the left heart contains a blood clot. The endocardium is pale, opaque. The
thickness of the wall of the left ventricle is 9 mm.

;
of the right ventricle,

3 mm. The periportal glands show nothing unusual. The liver is slightly
swollen. On section the lobulation appears very distinct; the consistence is

soft. The gall-bladder is distended with clear bile. The pancreas shows nothing
unusual. The lymphatic glands appear normal. The spleen (12x8x7 cm.) on
section shows the pulp dark red, jam-like. The suprarenal glands are red.
The capsule of the kidney is easily detached. On section the medulla appears
red. The cortex is slightly yellow; the consistence is friable and soft. The
right kidney is slightly enlarged. The abomasum contains a small amount of
semi-liquid contents and a sandy deposit. The reticulum and rumen show
nothing unusual. The ileum contains a blood-tinged mucous material, likewise
the jejunum. Hard nodules are present in the mucosa. The ileum contains
patches of diffuse hyperaemia and parasitic nodules. The caecum mucosa
contains parasitic nodules; also the colon and the rectum. Adult Oesophagos-
tomum columbiarwm are fairly numerous. The mesenteric glands and the
mesentery show nothing unusual. The bladder is contracted and empty. The
sexual organs show no alterations.

Microscopic Examination.

Heart .—Sudan shows fat in the normal depots. The muscle has been cut
crossways and slanting, and in some places longitudinally. The capillaries are
engorged with red corpuscles in double, triple, and even multiple rows. The
presence of connective tissue is very conspicuous practically everywhere, sur-
rounding muscular fibres and atrophying them. In some places it is rich in

cells, in others less so, the cells being of the round-cell type, but frequently
also fibroblasts. Accordingly, the whole structure has a somewhat loose appear-
ance, the darker muscle fibres being placed in transparent connective tissue
substance. Sarcosporidia are present, some showing fat lobules.

Liver (Sudan).—The capillaries are distended with blood throughout the
whole acinus, which in some parts shows an irregular tracing. No fat reaction
is present

;
some septa show increase of cellular elements of the connective

tissue type.

Kidney (Sudan).—No fat reaction. The tubuli contorti show their lumen
quite distinctly.

Spleen .-—Sudan gives no reaction. The follicles are fairly large; the amount
of blood is not increased.

Lungs .—The capillaries are filled with blood
;

homogeneous substance is

present in many alveoli,
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Pathological Anatomical Diagnosis .—Myocarditis chronica. Stasis of the

myocardium. Sareosporidiosis of the myocardium. Stasis of the liver. Oedema
of the lungs. Slight hydrothorax. Oedema and liyperaemia pulmonum. Tumor
splenis. Enteritis haemorrhagica. Helminthiasis nodulariis intestinorum

(Oesophagostomiasis).
Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep No. 3189 was sent to Ivaalfontein on 11.1.21 and returned

to Onderstepoort on 25.1.21. No symptoms developed. From 22.2.21 to 7.3.21

it was fed on Vanguerici pygmaea. It died on 14.4.21, or 51 days after com-
mencing, or 38 days after discontinuation of feeding. The lesions in the heart
were those of a chronic myocarditis, and may be called a cicatrix of the myocar-
dium and of old standing. Accordingly, one would not expect to find the

sequelae usually noted in gousiekte, which indeed were hardly or not at all

present. It would thus appear that in this case we have to deal with a partial

recovery, and it is most likely that the heavy oesophagostomiasis present con-

tributed to the cause of death.

46. Sheep DOB No. 9852.—Full-mouth Merino ewe (see Experiment 36),

died 20.4.21. Rigor mortis is not present. The condition is fairly good. The
abdomen is distended. The conjunctiva is purple. The nostrils are soiled with
grey mucus. The blood is not coagidated. The flesh appears normal. The
peritoneum and pleura are smooth and glistening. No foreign content is noted.

The thyroid is moist. The retropharyngeal lymphatic glands appear normal.
The tongue shows nothing unusual. The mucosa of the larynx is purple. The
trachea shows nothing unusual. The lungs have the usual shape and size.

The pleura is smooth and glistening. The pericardium shows nothing unusual.
The ventricles are slightly dilated. The heart-blood is not coagulated. The
epi'eardium shows nothing unusual; likewise the endocardium. The myocardium
is of a grey pink appearance. The coronary vessels show nothing unusual.
The consistence is firm. In the mediastinum caudale appears a tumour the size

and shape of an egg, containing a cheesy substance. The left lung shows one
calcified nodule. The pancreas is dark purple in colour. The dimensions of

the spleen are 13x8.5x2.5 cm. The capsule is smooth and glistening. The
malpighian bodies are enlarged, reaching in size that of a pin-head. The con-
sistence is flabby; the colour is dark red. The suprarenal glands are somewhat
dark in colour. Shape and size show nothing unusual. The capsula adiposa
of the kidney is well developed. The capsula fibrosa is easily removed. The
parenchyma contains a large amount of blood. Its colour is dark purple, and
the glomerules are not visible. The stomachs show nothing unusual. The liver

shows the usual shape and size. The capsule is smooth and glistening. On the
diaphragmatic surface a big cysticercus, the size of an egg and about six

nodules, the size of a pea, are present on the liver substance. The liver

parenchyma is of a purple colour with a greyish tinge. The lobulation is not
distinct. The mucous membrane of the gall-bladder is injected. Numerous
small blood spots are present in the mucosa. The duodenal mucosa is partly
red in colour

;
the jejunum also shows reddening in parts. Parasitic nodules

are present in the walls of the large intestines. The mesentery is very rich in
fat. The sexual organs show nothing unusual.

Microscopic Examination.

Heart (Sudan).—Gives fat reaction in the fat depots only. No reaction is

noted in the muscular fibres, the striation of which is distinct. The capillaries
are filled with blood, and in many cases the corpuscles are in double and triple
rows. The section has a patchy appearance, due to the presence of connective
tissues between and replacing the muscular fibres. In these places the section
is transparent; the connective tissue is in parts rich in blood, in others less so,

and in some places are clusters of round cells, occasionally fairly crowded.
Also fibroblasts are crowded in some places. Here it can be noticed that they
push the muscular fibres to one side and occupy their places. Such places may
at the same time contain round cells as well. Haematoxylin-Eosin : The same
picture observed as in Sudan-stained section.

Kidneys.-—Sudan gives no reaction. The tubuli contorti are somewhat
diffusely stained. Differentiation in lumen and epithelial lining is fairly
distinct. The glomerules in most instances fill the capsules. In a few they
are contracted, and the space is filled with a transparent substance of a
globular structure. The capillary loops in the glomerules contain much blood.
Some blood is also present in the intertubular capillaries, and in the vessels of
the intermediary zone are engorged. Haematoxylin-Eosin : The interlobular
vessels in the pars striata are conspicuously filled with blood.
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Spleen (Sudan).—A fair amount of blood is present. The follicles are well
developed; in some the fat reaction is noted. Pigment is seen throughout the
pulp.

*

Lungs .—Von Gieson and Haematoxylin-Eosin : The capillaries are filled

with red corpuscles closing the lumens of the alveoli to small clefts, which are
filled with a homogeneous transparent substance. Most bronchi are surrounded
by clusters of round cells. These clusters occupy in some places large areas.
There are foci in which a decided increase of connective tissue is present, the
meshes of which are filled with round cells. In another part of the lung this

connective tissue follows the septa of the alveoli, which are filled with cells,

blocking the lumen entirely. The cells correspond to the description of round
cells and desquamated epithelial cells.

Suprarenal Glands (Sudan).—Very little fat is noted in the zona fasciculata.
A fair amount of blood is present in the zona reticulata.

Pathological Anatomical Diagn osis .—Myocarditis chronica. Hyperaemia of
the kidneys. Slight tumor splenis. Peri-bronchitis and pneumonia chronica.
Slight enteritis. Helminthiasis intestini. Calcified oysticercii in lung, media-
stinum, and liver.

Etiological ]) iagnosis.—Gousiekte

.

Epicrisis .—Sheep 9852 was fed in Onderstepoort from 8.3.21 to 22.3.21 on
Vangueria pygmaea that had been collected in Kaalfontein. The sheep died on
20.4.21, or 43 days after commencement, or 29 days after discontinuation of

feeding. The striking lesions were found on microscopical examination of the
heart, and revealed the presence of a myocarditis chronica typical of gousiekte.
The remarkable fact is that the usual sequelae of such a myocarditis, dilatatio
cordis, hvdrothorax, atelectasis, and stasis in various organs were absent.
The lesions found in the lungs have a different origin. In connection with the
absence of a dilatatio cordis which might be expected from the condition of
the heart, it may be of interest to note that the feeding of the plant was carried
out in Onderstepoort, where the sheep was confined in a loose box, and thus had
comparatively little exercise that might have reflected on the heart.

47. Sheep HOB No. 1065.—Full-mouth Merino ewe (see Experiment 37),
died 24.4.21. Rigor mortis is not present. The condition is fair. The abdomen
is distended. The visible mucous membranes are pale. The subcutaneous tissue
is moist. The blood is coagulated. The peritoneal cavity contains a large
amount of clear colourless fluid. The pleural cavities contain about 500 c.c. of

similar liquid. The salivary glands are pale. The lymphatic glands of the
head are moist and have a grey colour. The tongue is pale. The oesophagus
shows nothing unusual. The lungs are not completely collapsed. The pleura is

smooth and glistening; the colour is pink, except on the apex and on the
epicardial lobe, which portions are sunken, dark purple, and the tissue is solid

and contains no air; otherwise the lung tissue is elastic. The trachea shows
nothing unusual. The pericardium contains 60 c.c. colourless partly coagulated
fluid. The epicardium and endocardium show nothing unusual. The left

ventricle is dilated. The liver and pancreas show no changes. The dimensions
of the spleen are 12x8x1.2 cm. The malpighian bodies are marked. The
consistence is soft. The capsule is smooth. The suprarenal glands contain
well-bordered dark red patches in the cortex. A large amount of blood is noted
in the kidney

;
otherwise nothing unusual is noted. The abomasum contains

frothy blood. In the walls of the small and large intestines, nodules are
numerous. The mesenteric glands and sexual organs show no changes.

itlicroscop i c Exa mined ion.

Heart (Sudan).—Fat is present in the normal depots. In some of the
fibres, near the nuclei, brown pigment is present. The section contains much
connective tissue between the muscle bundles and between the fibres, occupying
a fairly large number of spaces. In some places remnants of muscle fibres are
still present in the connective tissue. The cells of the connective tissue are
large round cells and fibroblasts. The latter form in some places bundles; the
large round cells form clusters. In some places the spaces between the fibres are
filled with a transparent substance. The cross-striation of the fibres is not
distinct. Some fibres show parts that are entirely homogeneous. In some parts

of the section the capillaries are filled with blood. The corpuscles are in

double and treble rows. Purkinje’e fibres show accumulation of fat globules

around the nuclei.

Liver (Sudan).—There are quite a number of large cells containing pigment.
These cells are placed in the neighbourhood of the central veins, and occasionally

are also found in the septa. They are but rarely found within the acinus,
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where they occupy the places of the stellate cells. The liver-cells show vacuoles.

These cells arc placed mainly around the central veins, but are also seen t'16

periphery, lu some instances vacuoles arc also seen in the nuclei. The liver-

cells and nuclei are very faintly stained. The intertrabeeular spaces are dis-

tended, and red corpuscles can be recognized. In some places they contain a

slightly increased number of leucocytes. Haematoxylin-Eosin : The liver-cells

show a certain amount of transparency due to the presence of distinct vacuoles

in some places, but more so to some looseness of structure or absence of staining.

In some places the capillaries do not contain blood, accordingly the liver-cells

here appear tightly packed, and the capillaries can only bo recognized by the

typical form of the endothelial cells. In other places, particularly in the

periphery, the capillaries contain red corpuscles, which show up distinctly.

The pigmented cells described before can also be recognized. With this staining

leucocytes in the capillaries arc occasionally conspicuous.

Kidney (Sudan).—No reaction is noted. The tubuli eontorti are well

differentiated in epithelial lining and lumen. The latter being transparent, are

filled with a homogeneous substance, forming in some places distinct droplets

and having in others a somewhat cloudy appearance. In one place of the

section the' parenchymatous tissue is almost entirely replaced by fibroblastic

tissue, in which round cells are very numerous, and in which capillaries and

small vessels are intensely crowded. In some parts the tissue consists almost

exclusively of these small blood-vessels. The epithelial lining of these vessels

is thickened. The capsule of the glomerules is thickened by a fibrillar glisten-

ing tissue. 'Ihe glomerules fill the capsule. Some are densely packed with

nuclei. The fibroblastic tissue occupies the intestitial spaces and atrophies

the glomerules. Some of these show fat reaction. The distribution of the new
connective tissue extends from the pelvis through the cortex on to the surface.

Haematoxylin-Eosin: Some of the atrophied tubules show' the presence of a

deeply-stained pink homogeneous substance. The cells filling the interstitium

are in many places distinct connective tissue cells. In some of the glomerular

capsules the epithelial lining appears to be swollen, the cells protruding into

the space left by the contracted glomerules. Some of the glomerules are

atrophied and some apparently in the process of atrophy.
Spleen.—Sudan gives no reaction. Much blood is present in the pulp.

The trabeculae are somew'hat conspicuous.
Suprarenal Gland (Sudan).—But little fat is present in the zona fasciculata,

more in the zona arcuata.
Pathological Anatomical Diagnosis.—-Myocarditis productiva. Slight hydro-

pericardium. Atrophia fusca of the myocardium. Partial stasis of the liver.

Lipofuscin pigmentation and vacuolar degeneration of the liver-cells. Hydro-
thorax. Atelectasis pulmonum. Nephritis interstitialis and glomerulo-
nephritis productiva. Ascites. Slight tumor splenis. Anaemia. Slight

anasarca.
Etiological Diagnosis.—Gousiekte.
Epicrisis .—Sheep 1065 consumed on 18.3.21 a total quantity of two pounds

of leaves of Vangveria pygmaea. The sheep died on 24.4.21 of gousiekte, or 37
days after the feeding. The lesions of gousiekte were present and the
myocarditis productiva particularly well developed. There were in addition
other lesions not common in gousiekte, such as nephritis intertitialis chronica,
glome rulo-nephritis chronica. The alteration in the liver—the lipofuscin
pigment—has been found in sheep not suffering from gousiekte, and, therefore,
cannot be considered typical of this disease. The presence of the pigment may
be indirectly due to lesions brought about by gousiekte, such as stasis in the
liver, which may have been present in the course of the disease, although at
the conclusion it was only noted in parts of the liver. The fact that a
single feeding of the plant produces the typical lesions of gousiekte is striking.
It would thus appear that in a susceptible sheep the injurious effect would be
caused almost with the consumption of the first quantity of Vangueria when
this plant is in a toxic state. The presence of chronic nephritis has been noted
in other cases of gousiekte, and it thus would appear that it is one of the
lesions occasionally found in gousiekte, and probably as the result of the toxic
injury.
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Kaalfontein, March, 1921. Vangueria pygmaea.

Kaalfontein, March, 1921. Vangveria pygmaea Camp FeedingiExperiment.



[ Photo by ./. Walker.

Gousiekte.

Gousiekte—heart cut open.



Gousiekte—heart Muscle. Magnif. 66 x.



Gousiekte— Heart Muscle. Magnif, 66 X.

Gousiekte— Heart Muscle. Magnif. 6(1 X.



“ Gouwziekte ” Veld: Its Vegetation

and Flora.

By I. B. POLE EVANS, C.M.G., M.A., D.Sc., F.L.S.





“ Gouwziekte ” Veld: Its Vegetation and Flora

By I. B. Pole Evans, C.M.G., M.A., I). Sc., F.L.S.

1. Introduction.

In 1915 Sir Arnold Theiler, K.O.M.G., Director of Veterinary Educa-
tion and Research, drew ray attention to a mysterious disease in

sheep which occurred on the high veld and which he had strong’

reason to suspect was due to a plant poison. Sir Arnold invited ray

co-operation in solving the matter, and we immediately made plans

to investigate the disease in detail on the farm Witfontein No. 45,

which lies some twenty miles due south of Pretoria.
After making a few preliminary inspections of the farm, it

became obvious that a detailed botanical survey of it would have to

he undertaken and that other affected farms in as widely separated
areas as possible would have to he visited to ascertain if there were
any common factors of the respective floras which might give a clue
to the plant or plants responsible for the disease.

Early in the investigation it was apparent to us that not only
was it necessary to know what plants occurred on a gouwziekte veld,

hut that it was essential to know what plants sheep actually fed on
in this veld during the different seasons of the. year. Consequently,
it became necessary to familiarize oneself with the various plants in

this area in no uncertain manner at all stages of their growth so that
they could be identified immediately from their vegetative characters
alone. This we were able to accomplish by making repeated visits

to the farm in question and noting the growth of all the various
plants from the time that they made their first appearance in spring
until they were cut back by the winter frosts.

Thus we followed the natural grazing of experimental sheep
running over this veld and were able to say at any time on what
plants they were feeding.

We also took special care during the course of the investiga-
tions to ascertain the views of and collect such information as the
local farmers could give us on the subject, and in this connection I
would specially like to place on record the valuable advice, informa-
tion, and assistance rendered throughout the investigation by Mr.
B. W. Strydom.

2. The Disease.
“ Gouwziekte,” as the word implies, means “ quick sickness.”

It occurs, so far as is known, only in sheep which have grazed over
certain areas of the high veld of the Transvaal. The term “ gouw-
ziekte ” is a very appropriate one in that the disease suddenly appears
in apparently healthy flocks at very definite seasons of the year, and
animals which seem to he in perfect condition are stricken and die in a
very short space of time. For instance, sheep which are kraaled at
night in apparent good health and appear perfectly healthy when
allowed to run next morning suddenly drop and die. Heavy mortality
amongst flocks has occurred, and farmers state that if they trek their
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flocks over certain farms at certain times of the year they invariably
suffer loss. Once the first frosts have fallen, however, they no longer
fear the disease, but up till then they regard these farms as dangerous.
Should a flock pass over one of these farms and graze on it during
the late summer months (December-March) it is liable to contract the
disease in from three-five weeks’ time after grazing there.

The farm Witfontein No. 55, where we studied the disease, was
one of these farms of bad repute amongst sheep farmers, and early
in the investigations we were able to satisfy ourselves that the disease
was contracted through the mouth, which emphasized the importance
of studying the vegetation in the minutest detail.

3. The Vegetation of Gouwziekte Veld.

The farm Witfontein No. 55, where vegetation studies in connec-
tion with gouwziekte were made, lies at an altitude of approximately
5300 feet above sea-level.

The farm comprises about 9295 acres in extent and is somewhat
oblong in shape. The north-western corner is traversed by the rail-

way line between Pretoria and Johannesburg, on which ihe station

Kaalfontein is situated, this station being on the farm concerned.

The eastern and western portions of the farm are of different

geological formations. The larger portion to the east is dolomitic
limestone and chert, while the west is composed of older granite,
quartzite, and ferruginous shales.

The actual grazing experiments in connection with the investiga-

tion were carried out on the north-eastern portion of the farm on the

high ground adjoining Kaalfontein Station and lying about half-

way between it and the spruit to the east, which eventually runs
into the Six Mile Spruit. It was this portion of the farm that was
examined in detail botanically and to which special reference is made
below. On it also the disease appeared during the time of the
investigation every year, with one exception, with extraordinary
regularity during the first week of March.

The vegetation of the farm is typical high-veld grassland, in

which rooigras (Themeda triandra) dominates (fig. 1). Indigenous trees

are absent, but there are many suffruticose herbs and shrubs amongst
the grass.

The vegetation first shows signs of growth about the end of

August and continues until the latter part of April, when early

frosts at once check it. During the winter months none of the plants

remain green.

Two distinct vegetation facies are noticeable, viz., a spring
growth and a summer growth. The spring growth consists mainly
of shrublets and herbaceous plants (fig. 2), whereas the summer
growth is composed mainly of grasses (fig

1
. 3). The former, being well

provided with underground water-storage organs, only require the

requisite temperature to renew their growth in spring, whereas the
grasses are not only dependent on temperature, but far more impor-
tant still are entirely dependent on rain for the necessary moisture
in the superficial layers of the soil.

The majority of the herbaceous plants and shrublets flower and
set seed long before the grasses. Most of them have flowered by the

end of November, whereas few grasses flower before the middle of

December.
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The common and conspicuous

in order of flowering sequence are :

Acalypha peduncularis Meisn.

Albuca caudata Jacq.

Becium obovatum N. E. Br.

Clerodendron triphyllum (Harv.) H.
H. W. Pears.

Dimorphotheca spectabilis Schltr.

Graderia subintegra Mast.

Indigofera hilaris E. & Z.

Lasiosiphon anthylloides Meisn.

Vernonia monocephala Harv.
Acalypha depressinervia K. Schum.

Crinum Forbesianum Herb.

Cucumis hirsutus Sond.

Elcphantorrliiza Burchellii Benth.

Eriosema salignum var. concolor E.
Mey.

Relichrysum floccosum Klatt.

Hypoxis rigidula Baker.

Indigofera eriocarpa E. Mey.
Ipomoea Greenstockii Rendle.

Ipotnoea Ornmannei Rendle.

Lasiosiphon linifolius Dcsne.

Pachycarpus schinzianus N. E. Br.

Vangueria pygmaea Schltr.

Pachystigma Zeyheri Sond.

Pentanisia variabilis Harv.
Scilla lanceaefolia Baker.

herbs and shrublets on this area

Senecio coronatus Harv.

Tliesium Burkei Hill.

Thcsium utile Hill.

Viyna angustifolia Benth.

Zizyphus zeyheriana Sond.

Cyahotis nodiflora Kunth.

Hypoxis costata Baker.

Anthericum pulchellum Baker.

Arctotis scaposa (Harv.) O. Hoffra.

.4sfer hispidus Baker.

Berkheya setosa Willd.

Nidorella anomala Steetz.

Pelargonium aconitophyllum E. & Z.

Phaenohoffmannia cajanifolia (Harv.)
O. Ktze.

Senecio latifolius DC.
Senecio serra Sond.

Teucrium Gaprense Tliunb.

Vernonia Kraussii Sch. Bip.

Tliemeda triandra Forsk.

Babiana Bainesii Baker.

Dicoma speciosa D.C.

Eucomis regia Ait.

Hermannia cordifolia Harv.

Blepharis Stainbankiae C. B. Cl.

Gladiolus crassifolius Baker.

Withania somnifera Dunal.

The characteristic and conspicuous grasses in order of appeal
ance are :

—
Imperata arundinacea Cyril.

Tristachya leucothrix Trin.

Setaria perennis Hack.
Axonopus semialatus Hook f.

Digitaria tricholaenoides.

Elionurus argent eus Nees.

Heteropogon contortus R. A S.

Panicum serratum Spreng.

Panicum natalense Hoclist.

Setaria nigrirostris Dur. & Scliinz.

Tliemeda triandra Forsk.

Tristachya Behmanni Hack.

Urelytrum squarrosum Hack.

Andropogon amplectens Nees.

Andropogon schirensis Hochst.

Trachypogon polymorphus Hack.

Andropogon nardus Linn.

Andropogon ccresiaeformis Nees.

The growth-changes noted in the vegetation in this locality may
briefly be summarized as follows :—Towards the latter part of August
the first spring growth is represented by the green shoots of the
tuberous rooted shrublets. By the middle of November the majority
of these have flowered, but they are not in sufficient quantity to

change the general appearance of the veld, which retains its brown
winter hue. Towards the latter part of November, depending largely
on the rainfall, the veld suddenly becomes green, due to the uniform
growth of grass. It remains green until the majority of grasses have
flowered, which is usually about the middle of January. From now
onwards it gradually burns a yellowish brown. About the middle of
March, when the nights begin to get cold, the undergrowth of grass
loses its verdant green colour, becomes yellowish, and makes no
growth. It continues like this until the first frosts, about the end of
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April or early in May, fall, when everything becomes withered and
changed to a dark brown colour.

4. The Flora.

Although the vegetation was fairly uniform throughout the area
examined, two distinct plant associations were recognizable, viz.,

t Ire rooigras association, in which Themeda, triandra was dominant,
and the besemgras association, in which Tristachya Rehmanni was
dominant.

The rooigras was always associated with Andropognn nardus
and Avith the following shrublets :

—
Acalyplin depressinervia K. Sell urn.

Acalypha peduncularis Meisn.

Clerodendron triphyllum (Harv.) H.
H. W. Pears.

Cucumis hirsutus Sond.

Dimorphotheca spectabilis Schltr.

Elephantorrhiza Burchellii Benth.

Hypoxis costata Baker.

Hypoxis rigidida Baker.

Ipomoea Greenstochii Rendle.

Ipomoea Ommannei Rendle.

Pachycarpus schinzianus N. E. Br.

Pachystigma Zeyheri Sond.

Vangueria pygmaea Schltr.

Pentanisia variabilis Harv.

Senecio coronatus Harv.

Senecio serra Sond.

Vernonia inonocephala Harv.

Vigna angustifolia Benth.

Zizyphus zeyheriana Sond.

The besemgras association o\’erlying the shallow soil with
dolomite outcrop was characterized by the following grasses, which
were subdominant:—
Tristachya Behmanni Hack. Andropogon amplectens Nees.

Elionurus argenteus Nees. Andropogon schirensis Hochst.

Tristachya leucothrix Trin. Tracliypogon potymorphus Hack.

Urelytrum squarrosum Hack. Schizachyrium semiberbe Stapf.

The rooigras association was characteristic of deep loam soil,

while the besemgras and its associates denoted shallow soil over-

lying rock.

It was on the former that local farmers asserted that sheep were
liable to contract gouwziekte.

The following plants were collected on Witfontein No. 555:—
POLYPODIACEAE.

Hryopteris.
athamanticum Hooker.

Gramineae.

Imperata.
arundmacea Cyril.

Urelytrum.
squarrosum Hack.

Trachypogon

.

potymorphus Hack.

Elionurus.
argenteus Nees.

.1 ndropogon.
amplectens Nees.
ceresiaeformis Nees.
hirtiflorus Kunth.
schirensis Hochst.
angustifolius Stapf.

Ileteropogon.
contortus R. & S,

Cymbopogon.
hirtus (Linn.) Stapf.
nardus Rendle.

Themeda.
triandra Forsk.

Digitaria.
eriantha Steud.
stolonifera Stapf.
monodactyla Stapf.
diagonalis Stapf.
tricholaenoides Stapf.

Panicum.
maximum Jacq.
natalense Hochst.
serratum Spreng.

A xonopus.
semialatus Hook. f.

Setaria.
a.urea A. Braun.
nigrirostris Dur. & Schinz.

' perennis Hack,
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Tricholaena.
rosea Nees.
setifolia Stapf.

Trichopteryx.
flavida Stapf.
simplex Hack.

Tristachya.
leucothrix Trin.
Itehmanni Hack.

Aristida.
congesta R. & S.

Sporobolus.
indicus R. Br.

Pogonarthria.
falcata (Hack) Rendle.

Diplachne.
fusca Beauv.

Eragrostis.
brizoides Nees.
chalcantha Trin.
chloromelas Steud.
curvula Nees.
gummifl.ua Nees.
plana Nees.
superba Peyr.

Cynodon.
incompletus Nees.

Microchloa.
caffra Nees.

Harpechloa.
capensis Kunth.

Eleusine.
indica (Linn.) Gaertn.

Crossotropis.
grandiglumis Rendle.

Triraphis.
Itehmanni Hack.

Cyperaceae.

Cyperus.
compactus Lam.
flavissimus C. B. Cl.

Fimbristylis.
monostachya Hassk.

COMMELINACEAE.

Commelina.
eckloniana Kunth.

Cyanotis.
vodiflora Kunth.

Liliaceae.
Bulbine.

asphodeloides R. & 8.

Anthericum.
pulchellum Baker.

Aloe.
trunsvaalensis Kuntze.

Haworthia.
tenuifolia Engl.

Albuca.
caudata Jacq.

Drimia.
haworthioides Baker.

Dipcadi.
viride Moench.

Scilia.

lanceaefolia Baker.
rigidifolia Kunth.

Eucomis.
regia Ait.

Amaryllidaceae.

Hessea.
Itehmanni Baker.

Buphane.
toxicaria Thunb.

Crilium.
Forbesianum Herb.

Uypoxis.
angustifolia Lam.
costata Baker.
rigidula Baker.

Iridaceab.

Moraea.
polystachya Ker.

Tritonia.
securigera Ker-.

Babiana.
Bainesii Baker.

Gladiolus.
crassifolius Baker.
Cooperi Baker.
rigidifolius Baker.

Orchidaceae.

Platanthera.
BrachycoryFhis Schltr.

Eulophia.
hians Spreng.
oliveriana (Reichb. f.) Bolus.
robusta Rolfe.

Santalaceae.

Thesium.
Burkei Hill.

utile Hill.

POLYGONACEAE.

Oxygonum.
dregeanum Meisn.

Amarantaoeae.

Alternanthera.
Achyrantha R. Br.

Gomphrena.
globosa Linn.

Phytolaccaceae.

Psammotropha.
myriantha Sond.

Giesekia.
pharnaceoides Linn.

Portueacaceae.

Talinum.
caffrum E. & Z.
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Caryophyllaceae.

Pollichia.
campestris Ait.

Silene.
Burchellii Oth.

Dianthus.
scaber Thunb.

Capparidaceae.

Cleome.
maculata Sond.

Orassulaoeae.

Crassula.
nodulosa Schonl.
setulosa Harv.

Rosaceae.

Parinarium.
capense Harv.

Legeminosae.

Elephantorrhiza.
Burchellii Benth.

Cassia.
mimosoides Linn.

Phaenohoffmannia.
cajanifolia (Harv.) O. Ktze.

Lotononis.
foliosa Bolus.
laxa E. & Z.

Dichilus.
strictus E. Mey.

Crotalaria.
globifera E. Mey.

Trifolium.
africanum Ser.

Indigofera.
arrecta Benth.
eriocarpa E. Mey.
filipes Benth.
hedyantha E. & Z.

hilaris E. & Z.

Zorina.
tetraphylla Michx.

Erythrina.
Zeyheri Harv.

Ithynchosia

.

nervosa Benth.

Eriosema.
polystacliyum (A. Rich.) Baker.
salignum E. Mey.

Vigna.
angustifolia Benth.
triloba Walp.

Dolichos.
falciformis E. Mey.

Geraniaceae.

Monsonia.
biflora DC.

Pelargonium

.

aconitophyllum E. & Z.

Oxalis.
corniculata. Linn.

POLYGALACEAB.

Polygala,
abyssinica Fres.
hottentotta Presl.
tenuifolia Link.

Dichapetalaceae.

Dichapetalum.
cymosum (Hook.) Engl.

Euphorbiaceae.

Acalypha.
depressinervia K. Schum.

Euphorbia.
truncatu Marlth.

Anacardtaceae.

Rhus.
discolor E. Mey.

Rhamnaceae.

Zizyphus.
zeyheriana Sond.

Malvaceae.

Hibiscus.
malacospermus E. Mey.
luteus Harv.

Sterculiaceae.

Hermannia.
candicans Ait.

cordifolia Harv.
tomentosa (Turcz.) Schinz.

Guttiferae.

Hypericum.
aethiopicum Thunb.

Elatinaceae.

Bergia.
dccumbens Planch.

Thymelaeaceae.

Lasiosiphon.
anthylloides Meisn.
linifolius Dcsne.
Kraussii Meisn.
polycephalus H. H. W. Pears.

Gnidia.
microcephala Meisn.

Umbelliferae.

Peucedanum.
magalis-montanum Sond.

Gentianaceae.

Sebaea.
confertiflora Schinz.
leiostyla Gilg.

Asclepiadaceae.

Raphionacme.
divaricata Harv.

Xysmalobium.
asperum. N. E. Br,



Acanthaceae.Schizoglossum .

lamella-turn Schltr.

pulchellum Schltr.

Asclepias.
aflints Schltr.

stellifera Schltr.

Parkycarpus.
schinzianus N. E. Br.

Brachystelma.
foetidum Schltr.

CoNVOLVTJLACEAE.
Ipomoea.

Greenstockii Rendle.
Ommannei Rendle.
quinquefolia Hochst.

Borraginaceae.

Trichodesma.
an g ustifoliu

m

H a rv

.

pk ysaloides A. DC.
Cynoglossum.
micranthum Desf.

Verbenaceae.
Lipina.

asperifolia Rich.

C'lerodendron.
triphyllum (Harv.) H. H. W. Pears.

Labiatae.
Becium.

obovaturn N. E. Br.

Orthosiphon.
Pretoriae Guerke.

Teucrium.
capense Thunb.

SoLANACEAE.
Withania.
somnifera Dunal.

Solanum.
capense Linn.
incanum Linn.
nigrum Linn.

ScROPHUE-ARIACEAE.

Nemesia.
foetens Vent.

Manulea.
crassifolia Benth.

Hebenstreitia.
elongata Bolus.

Walafrida.
densiflora Rolfe.

Graderia.
subintegra Mast.

Bopubia.
simplex Hochst.

Siriga.
lutea Lour.
Thunbergii Benth.

Pedaliaceae.
Pretrea.
zanguebarica J. Gay,

7

Crabbea.
angustifolia Nees.

Blepharis.
Stainba.nkiae C. B. Cl.

.7 usticia.

anagalloides T. Anders.

Rubiaceae.

Oldenlandia.
amatymbica (Hochst.) K. Schu

Pentanisia .

variabilis Harv.

Vangueria

.

pygmaea Schltr.

Plectronia.
chamaedendron O. Ktze.

Pachystigma

.

Zeyheri Sond.
humilis n. sp.

Dipsacaceae.

Cephalaria.
ustulata R. & S.

Scabiosa.
Columbaria Linn.

CuCURBITACEAE.
Cucumis.

hirsutus Sond.

Campanulaceae.

Wahlenbergia.
undulata A. DC.
Zeyheri Eckl. & Zeyh.

Cyphia.
assimilis Sond.

Compositae.

Vernonia.
Kraussii Sch. Bip.
monocephula, Harv.
natalensis Sch. Bip.

Aster.
hispidus Baker.
filifolius Vent.

Nidorella.
anomala Steetz.
hottentotica DC.

Conyza.
podocephala DC.

Ilelichrysum.
fioccosum Klatt.
leiopodium DC.

Schkuhria.
bonariensis H. & A.

Tagetes.
minuta Lam.

Senecio.
coronatus Harv.
latifoli.us DC.
paucifolia. DC.
serratus MacOwan & Bolus.

Othonna.
natalensis Sch. Bip.
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Dimophotlieca.
Ecklonis DC.
spectabilis Schltr.
Zeyheri Sond.

Tripteris.
glandulosa Turcz.

Arctotis.
scaposa (Harv.) 0. Hoffm.

Gazania.
pygmaea Sond.

Berkheya.
setifera, DC.
speciosa (DC.) 0. Hoffm.
subulata Harv.

Dicoma.
anomala Sond.
speciosa DC.

Gerbera.
discolor Sond.
piloselloides Cass.

Hypochaeris.
radicata Linn.

Sonchus.
nanus Sond.

Lactuca.
capensis Thunb.

Having obtained a good working knowledge of the flora of this

area, we proceeded to examine and compare the floras of certain

gouwziekte farms in the Ermelo and Lake Ohrissie Districts and
were able to establish certain plants as being common to all. We
decided to concentrate on these for feeding-tests.

They included the following plants:—
Phytolaccaceae.

Giesekia pharnaceoides Linn.

Gramineae.

Urelytrum squarrosurn Hack.

Trachypogon polymorphus Hack.

Elionurus argenteus Nees.

Andropogon amplectens Nees.

Andropogon schirensis Hochst.

Scliizachyrium semiberbe Nees.

Monocymbium ceresiiforme Stapf.

Heteropogon contortus R. & S.

Tlieineda triandra Forsk.

Panicum natalense Hochst.

Eragrostis curvula Nees.

Eragrostis plana Nees.

Ilarpechloa capensis Kunth.
Tricholaena rosea Nees.

COMMELINACEAE.

Commelina eckloniana Kuntli.

Cyanotis nodiflora Kunth.

Liliaceae.

Antliericum pulchellum Baker.

is'cilia lanceaefolia Baker.

Scilla rigidifolia Kuntli.

Eucomis regia Ait.

Amaryllidaceae.

Jhiphane toxicaria Thunh.

Hypoxis angustifolia Lam.
Hypoxis costata Baker.

Hypoxis rigidula Baker.

Santalaceae.

Thesium Burkei Hill.

Thesium utile Hill.

Polygonaceae.

Oxygonum dregeanum Meisn,

Caryophyllaceae.

Pollichia campestris Ait.

Silene Burchellii Oth.

Crassulaceae.

Crassula nodulosa Schonl.

Leguminosae.

Elepliantorrhiza Burchellii Bentk.

Phaenohoffmannia cajanifolia 0. Ktze.
(Harv.).

Lotononis foliosa Bolus.

Indigofera arrecta Benth.

Indigofera eriocarpa E. Mey.

Indigofera hedyantha E. & Z.

Erythrina Zeyheri Harv.

Vigna angustifolia Benth.

Geraniaceae.

Pelargonium aconitophyllum E. & Z.

Polygalaceae.

Polygala tenuifolia Link.

Euphorbiaceae.

Acalypha depressinervia K. Solium.

Rhamnaceae.

Zizyphus zeyheriana Sond.

Thymelaeaceae.

Lasiosiphon anthylloides Meisn.

Lasiosiphon polycephalus H. H. W.
Pears.

Gnidia microcephala Meisn.
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Asclepiadaceae.

Asclepias stellifera Scliltr.

Pachycarpus schinzianus N. E. Br.

CONVOLVULACEAE.

Ipumoea Greenstockii Rendle.

Ipomoen Ommarmei Rendle.

Borraginaceae.

Trichodesma physaloides A. D.C.

Verbenaceae.

Clerodendron triphyllum (Harv.) H.
H. W. Pears.

IjABIATAE.

Becium ohovatum N. E. Br.

Orthosiphon Pretoriae Gueyke.

SoLANACEAE.

Solatium incanum Linn.

ScROPHULARIACEAE.

Nemesia foetens Vent.

Ilebenstreitia elongata Bolus.

Walafrida densiflora Rolfe.

Graderia subintegra Mast.

Sopubia simplex Hochst.

Acanthaceae.

Justicia anagalloides T. Anders.

Rubiaceae.

Oldcnlandia amatymbica (Hochst.)
Schum.

Pentanisia variabilis Harv.

Vangueria pygmaea Schltr.

Plcctronia chamaedrndron O. Ktze.

Pachystigma Zeyheri Sond.

Dipsacaceae.

Scabiosa Columbaria Linn.

Curcurbitaceae.

Cucurnis hirsutus Sond.

CoMPOSITAE.

Vernonia Kraussii Sch. Bip.

Vernonia monocepliala Harv.

Vernonia natalensis Sch. Bip.

Aster filifolius Vent.

Senecio coronatus Harv.

Dimorphotheca pygmaea Sond.

Lactuca capensis Thunb.

5. Feeding Experiments.

As these are given in full in Sir Arnold Theiler’s paper, it will

suffice to make only brief reference to them here. Unsuccessful trials

were first made with suspected plants gathered on Witfontein and fed

to sheep at the Veterinary Research Laboratory at Pretoria. After
this, sheep were specially brought to Witfontein and there fed from
plants freshly gathered from the veld, but still with negative results.

Sheep were then paddocked on certain portions of the farm and others

allowed to graze at large in the vicinity. Here, positive results were
obtained, but there was still no clue as to the plant responsible.

However, having definitely established certain sites to be poisonous,
these were camped off and sub-divided. From some of these all the
grasses were removed and from others all the plants other than
grasses.

Sheep were then made to graze down the remaining plants in

these paddocks (fig. 4), and in this way it was eventually proved by
the Division of Veterinary Research that the plant Vangueria
pygmaea Schltr. was responsible for gouwziekte.

6. The Plant responsible for the Disease.

Vangueria pygmaea Schltr., which was eventually proved to be
the cause of gouwziekte, was one of the plants referred to by some
farmers as the “ gouwziektebossie.” It is an extremely common plant
on the high veld between Pretoria and Johannesburg, and was
prevalent in the “ gouwziekte ” areas around Ermelo and Lake
Chrissie which we visited.

Although so generally distributed, it shows a distinct preference
for deep loamy soils (fig. 5), and it is just on these so-called “ fat

”

soils that the farmer asserts that the disease is contracted. Our
experiments bore out this statement, but the last word on the subject
has not yet been said.
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Vangueria pygmaea occupies a comparatively insignificant place
in the veg’etation of these areas, in that it has a low habit of growth
and is soon obscured from the general view by the long grass.

The plant is composed of a number of fairly stout underground
stems which arise from a main underground axis in an irregular
manner. Wherever a shoot from one of the underground stems
pushes through the soil it bears at its apex a tuft of from four to

eight oppositely arranged leaves (figs. 6 and T). These are broadly
lanceolate in shape, vary from 1J to 4A inches in length, and are from
1 to 1 a inch broad, are of bright green colour, and very hairy on
both sides.

The leaves first appear above ground about the middle of Novem-
ber, usually before the grass has begun to shoot. By the first week in

December the plants are generally in full bloom all over the veld.

The flowers are arranged in clusters, are yellowish-green in colour,

and insignificant. By the middle of January the vivid green fruits,

about the size of walnuts, are fully formed (fig. 8). By the end
of March the leaves begin to lose colour and turn a pale yellow. The
first frost causes them to shrivel completely. Both leaves and fruits

are greedily eaten by sheep, hut it was noted that the influence of

the weather and the condition of the vegetation generally determined
very largely whether the plants were eaten or not, e.g. it was noted
that so long as the grass remained green and succulent, sheep showed
little desire to eat Vangueria pygmaea and other plants, but directly

a spell of dry weather occurred and the grass showed any tendency
to wilt, Vangueria jrygmaea and the other bushes formed the staple

grazing. This, in my opinion, very probably might explain the
fact that during the season January-May, 1917, no cases of gouw-
ziekte were recorded in our experiments, but conclusive evidence on
this point is still lacking.

Considerable confusion appears to exist regarding the identity

of the plant Vanguerina pygmaea Schltr. Some botanists are inclined

to place it in the genus Pachystigma. The plant upon which the

feeding-tests were carried out has a five-celled ovary. (See plate on

page 10.)

In conclusion, I take the opportunity of expressing my thanks
to Sir Arnold Theiler, K.C.M.Gr., D.Sc., for inviting me to co-operate

Avith him in this investigation. The work was a real pleasure and is

only one of the many instances of what can be accomplished by
co-operation and collaboration in scientific work.

EXPLANATION OF PLATES.

Plate I.

Fig. 1.—General view of the farm Witfontein No. 45 in summer covered

with tall grass and looking due south. The trees on the right are at Kaal-
fontein Station. The actual grazing experiments were carried out about half-

way between Kaalfontein Station and the point from which the photograph
was taken.—March, 1917.

Fig. 2.—View of the vegetation at Witfontein in spring, before the grass

has made any appreciable growth. The plants in the foreground are Vangueria
pygmaea Schltr. and Pachystigma Zeyheri Sond. The taller bushes behind
are Vigna angustifolia Benth.—November, 1916.
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Plate II.

Fiy. 3.—Veld at Witfontein No. 45 covered with Themeda triandra Forsk.
—March, 1917.

Fig. 4.—Sheep grazing in one of the paddocks from which all plants
except Vangueria pygmaea Schltr. had been removed.—February, 1920.

Plate III.

Fig. 5.— Vungueria pygmaea Schltr. in flower growing in deep soil at the
edge of an ant-bear hole.—December, 1917.

Fig. (5.—The “ gouwziekte bossie,” Vangueria pygmaea Schltr., in the veld
at Witfontein No. 45 in December, 1918, bofore it is obscured by the growth
of grass.

Plate IV.

Fig. 7.-—Two flowering shoots of the “ gouwziekte bossie,” Vangueria
pygnuiea Schltr., from Witfontein No. 45.—December, 1910.

Fig. 8.—The “ gouwziekte bossie,” Vangueria pygmaea Schltr., in fruit at
Witfontein No. 45.—January, 1920.
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From time to time outbreaks have occurred in Natal, and probat ly
in some other Provinces of South Africa, of a peculiar bovine disease

characterized by symptoms indicating- some affection of the central

nervous system, and liable to cause very serious losses in the affected

herds.

The disease has received a number of popular names, such as
“
brain disease ” and “ brain staggers,” but the most commonly used

name, derived from a symptom which is a prominent feature of a

typical case, is
“ pushing disease.” The condition appears to be

fairly well known to the natives of some of the affected regions, and
it has received a Zulu name that indicates the occurrence of the same
characteristic feature.

In the earlier years of colonial history in Natal the great

majority of outbreaks were not reported, and it is most probable that
very few cases, if any, came under the observation of veterinarians.

It can hardly be doubted that, even during the closing years of the
last century and the earlier years of the present one, there have
occurred many cases which have not been seen by any veterinary
surgeon, in spite of the augmented staff in the Government veterinary
service and the legal enactments enforcing notification of disease.

The vast size of the country controlled by comparatively few
officials, the preoccupation of the latter with a succession of newly
introduced diseases of outstanding importance, such as rinderpest and
East Coast fever, and the difficulty of differentiating the host of

diseases passing under such vag-ue names as “gall-sickness” and
“
vegetable poisoning,” have rendered it inevitable that a number

of distinct pathological conditions should be confused, and that others
should not be seen at all.

These difficulties have been so great that even to-dav, in spite of

the advances made during the past twenty years, we are aware of the
existence in Soiith Africa of a number of by no means unimportant
pathological conditions which have not yet teen even superficially
described.

In view of the above-mentioned facts, it is not surprising that
the first written record of the disease, which I have been able to trace,
dates back only to 1902 (T), although outbreaks are known to have
occurred very much earlier than that.
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About the year 1885 or 1886 there was an outbreak which caused
losses of such severity that it is still remembered by all the older
farmers of the Balgowan district, and the occurrence of this outbreak
is known to most of the younger generation. It is reported that there
was another outbreak near New Hanover about thirty years ago, and
the disease is known to have appeared from time to time -during the
past twenty years in the various affected districts.

Most of these outbreaks have been very localized, and in many
instances they have been confined to one or two farms, so that their

occurrence has not become at all widely known, nor has it attracted
very much attention from the authorities, in spite of the fact that

really severe losses may have been sustained in the affected herds.

During the summer season 1902 to 1903 a more extensive out-

break occurred in the Hawick area, and a number of cases came
under the observation of Mr. J. L. Webb, the District Veterinary
Surgeon, to whom we owe the first description of the disease.

The “ Report of the Principal Veterinary Surgeon for the Colony
of Natal” for 1902 records:—

(a) The periodical occurrence of the: disease in the vicinity of

Howick.
(b) Its usual appearance in the winter months, although on

that occasion losses occurred in the middle of the summer.

(c

)

That cows in milk were chieflv. and sometimes exclusively,

affected, although mixed cattle had been running on the

same pasture.

(d) That the symptoms, which varied considerably, all appeared
to emanate from the nervous system. The first symptoms
included staggering, a prominent eye, constant nodding of

the head, and disinclination to feed
;

later the animals
showed an inclination to lean the head against fixed

objects, rarely a tendency to move in circles, and in some
cases partial paralysis of the fore or hind limbs. There
was also marked loss of co-ordination in movement

;
the

pupil was dilated, the sight impaired (but not lost), and
the animal was apt to walk into trees or

“ dongas ” (gullies

or ditches).

Webb also observed in some cases a scanty, thick

white discharge from the vulva, and marked straining.

( e) That the disease was not as a rule rapidly fatal, animals
lingering* many days and eventually dying from exhaus-

tion.

(/)
“ Post-mortem, beyond congestion of the brain, and in

some cases . . . an abnormal condition of the uterus,

. the organs of the body appeared normal.”

((]) That the use of various drugs was attended with little

success. The early administration of purgatives appeared
to exercise some favourable effect and venesection appeared

to give temporary relief.

(h) That the disease usually appeared when cattle were run-

ning on old mealie fields, but that cases had occurred

amongst cattle on grass land.

(i

)

That removal to fresh grazing ground was found always to

stop the disease, and that many affected animals then

recovered

.



The Principal Veterinary Surgeon, Mr. S. B. Woollatt, remarked
that, “ by these periodical outbreaks the farm becomes practically

valueless as a stock farm.”
The report also contains notes by Lieut. -Colonel H. Watkins-

Pitchford, Government Bacteriologist, on morbid specimens taken

from two cows affected with “ staggers,” and sent to him by Mr. J. L.

Webb.
The notes on these specimens may be summarized as follows:—

(1) Uterine fluid (mixed with glycerine). No micro-organisms
found. Inoculation of a guinea-pig (hypodermically) and
of a heifer (intravaginam) without result.

(2) Uterine decidua. No abnormality detected.

(3) Brain (animal had been pithed ;
brain had been separated

into halves before dispatch).
“ Extensive hyperaemia of the pia mater without any inflam-

matory exudation. This hyperaemia was most marked upon the basal

surface of the anterior or frontal lobes. The vessels of the velum
interpositum were greatly engorged.” No lesions were found micro-
scopically in sections of the anterior lobes.

A small coccus, occurring in chains of from two to six cocci, was
obtained in pure culture from a trace of liquid in the lateral ventricle,

sown on to an agar plate, and one guinea-pig was inoculated sub-

cutaneously with 2 c.c. of a young broth sub-culture with a negative
result.

Col. Watkins-Pitchford remarked :
“ One does not feel justified,

under the present circumstances, in looking upon the micrococcus
isolated from the cerebral ventricle as the cause of the disease.”

A heifer was inoculated subcutaneously with fluid contained in

the vessel in which the brain had been sent, but without result, and
“ examinations of the blood received, both bacteriological and bio-

logical, proved negative.”
Subsequent to this more widespread outbreak in 1902-3, various

localized outbreaks occurred from time to time, and it is probable that
at least a few isolated cases occurred every year.

Although individual cattle owners sustained losses of consider-

able severity, and although the sum of the losses sustained in the
many small outbreaks would undoubtedly prove to be by no means
insignificant, it appears that there was no further widespread out-

break until the winter and spring of the year 1919, when not only
were cases reported almost simultaneously from a very much larger
number of farms than had ever previously been affected, but the

actual losses sustained were, in most cases, greatly in excess of any
previously recorded. It may be remarked here that the facts now
determined with respect to the aetiology of the disease render it very
probable that in the future, unless suitable measures are adopted,
the occurrence of the particular conditions favouring the appearance
of the disease will be f'ollowel by still more extensive outbreaks of

even greater severity.

A case of the disease was observed at Lidg'etton in 1917 by
Mr. Mogg, Plant Ecologist to the Division of Veterinary Research,
and its ocurrence was reported by him to headquarters at Pretoria,
but my attention was first drawn to the disease in August, 1918.
shortly after I had assumed charge of the Veterinary Research
Laboratory at Pietermaritzburg, when Mr. G. L. Harber, Government
Veterinary Officer at Mooi River, informed me of the prevalence of
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tlie disease at that time at St. Ives, some 22 miles from Pietermaritz-
burg.

Shortly after examining a case of the disease at St. Ives, I

received notification of a similar outbreak near Ixopo from Mr. J. L.
Webb, and in company with him I was able to examine a number of

cases and to make several post-mortem examinations.
Some two months later I was consulted by Mr. F. J. Carless,

M.R.C.V.S., of Mooi River, in connection with an outbreak of the
disease near Balgowan, and in this instance I was able to follow an
outbreak of particular severity (although confined to one farm), which
during a period of three months yielded a considerable number of

cases and afforded many opportunities for clinical observation and
pathological examinations.

In the first instance I had been led to interest myself in the
disease for almost purely theoretical reasons, such as the striking and
somewhat uncommon nature of the symptoms, and the absence of very
definite knowledge with respect to the aetiology of a number of more
or less similar conditions known to occur in several European countries

and in America, as well as in South Africa itself, and observed more
particularly in equines.

After the above-mentioned outbreaks had been investigated, it

was still considered that the disease, however interesting, was only a
“ minor local affection,” as stated in the Natal report for 1902 to

which reference has been made, but the events of the winter and
spring’ of 1919 proved that the condition, under certain circumstances,
could become of primary importance throughout a considerable area,

including some of the best stock-breeding districts of Natal, and that

it was liable to cause most serious and widespread economic losses.

The Government Stock Inspector at Howick, in a report forwarded
during August, 1919, stated that, “ The disease known as pushing
sickness is very much on the increase in this district . . . and
more deaths are being reported from this cause than from all o’tlier

causes combined.” This statement leferred to a district which at

that time was affected by a severe drought, and in which many
farms were infected with anthrax, while redwater and anaplasmosis
were constant sources of loss, and even East Coast fever was present

in certain areas.

The outbreaks personally investigated, and those reported to me
with fairly complete and reliable data, showed by the end of 1919 a

total number of 570 cases, of which certainly more than 450 ended in

death

.

Moreover, it was considered by the Senior Veterinary Officer,

Natal, that one could very safely estimate the actual losses which
occurred in Natal during the period involved (of a little more than
one year) to be quite double the known losses, the majority of the

remaining cases being reported under some such vague descriptions

as “vegetable poisoning,” “death from drowning,” or “accident,”

and some of course not being reported at all.

This estimate was in accord with the opinions of several execu-

tive officers in the affected districts, and with my own experience.

Losses of twenty, thirty, and even fifty head of cattle were known
to have occurred on several different farms, and on one farm eighty

head succumbed within a period of a couple of months. The impor-

tance of the condition to the owner of a small herd may be indicated

by mentioning an instance in which the owner of ten head of cattle
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(all of a good type of milch cow) lost seven of them within the course

of a few weeks; a number of native labourers (on farms owned by
Europeans) are known to have lost every member of their small herds.

ITnder these circumstances I was justified in asking (and very
promptly received) authority for the expenditure involved in a more
thorough and systematic investigation than had previously been
attempted.

Before describing the disease, I wish to express my indebtedness
to Mr. W. G. Raw, of St. Ives, Gargle Road. Mr. Raw, whose
experience of the disease dated back to 1905, first aided me by the

clear and accurate information which he was able to furnish with
respect to the symptoms of the disease, and the conditions under
which it had appeared on his farm. Subsequently he not only
allowed me to conduct experiments on his farm, and freely gave me
all the required facilities for grazing and stabling, but he personally
supervised a number of experiments during my absence, noted and
recorded important facts, and gave me much active and valuable
assistance.

I.—Description of the Disease as observed under Natural
Conditions.

It may be remarked that of the features recorded here in connec-
tion with natural outbreaks which have occurred in the past, a number
of facts that not only are in accord with the nature of disease as ascer-

tained experimentally, but which might have proved of considerable
value in suggesting suitable lines of investigation, only came to my
knowledge after most of the recorded work had been performed.

A .—Geograpiiical Distribution

.

During the period August, 1918, to December, 1919, I was able

personally to investigate outbreaks, and to observe cases of the disease,

in five of the magisterial districts of Natal, viz., Lions River, Ixopo,
Umvoti, New Hanover, and Pietermaritzburg’.

In addition to these outbreaks, others have been observed by
veterinarians on certain farms situated in the Districts of Camper-
down, Dundee, Paulpietersburg, and Vryheid.

Of these districts, Lions River is the one in which the heaviest

losses, and the greatest number of affected farms, have been reported.

I have received reports of cases on twenty-five farms in that area,

whereas in some other districts only one or two farms are known to

have been affected.

There is much reason to believe that the disease is considerably
more widespread in Natal than is at present known with certainty,

and that it occurs in Zululand also.

Moreover, Mr. R. Paine, Government Veterinary Officer at Kok-
stad, has informed me that the disea.se undoubtedly occurs in East
Griqualand, and that in the past it has always been considered to be
“ dunziekte,” which is very prevalent amongst equines in some parts
of that area.

It may be noted that all the affected areas in Natal lie within the
“
thorn veld ” of Pole Evans (2), a belt of grassland, characterized by

the presence of thornscrub and succulents, which stretches down the
eastern side of the sub-continent between the coastal

“ palm belt
”

and the Drakensberg mountain range.
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Most of tlie farms involved are situated in tlie Natal Midlands,
at an altitude of from 2000 to 4000 feet above sea-level.

B.—Conditions under which Outbreaks have Occurred.

(1) Locality .—All the farms on which the presence of the disease

has been definitely established have one feature in common, the
presence of “vlei” or swamp grazing, generally associated with
some river or stream.

Thus a large number of the known affected farms in the Lions
River District are actually bordered or traversed by the Lions River,

while others are on the Karkloof, a tributary of the Lions, and on the

TJmgeni, which is joined by the Lions River. Similarly, other
affected farms are found along the Ixopo and TJmvoti Rivers, but in

some cases the farm is traversed only by some small unnamed stream
or has within its boundaries only a small area of swampy ground.

In only a very few instances does the connection between swamp
grazing and the disease appear to have been suspected or realized.

It was well appreciated, however, by Mr. Raw, of St. Ives, the farm
on which I first encountered the disease. This farm includes a very
large vlei, a comparatively flat and low-lying area that is liable

throughout most of its extent to periodical inundation from the Lions
River, which here takes a very sinuous course along its border, and
forms the boundary of the farm on this side. A large portion of the

vlei is ploughed and used for the cultivation of crops, and the

cultivated portion is bordered, and in places incompletely divided, by
irregularly shaped areas of more or less permanent reed swamp with
much standing water. The farm also includes a large area of com-
paratively high and well-drained land on the slopes of a range of

hills, and it is sub-divided by fences into a number of paddocks.
The owner reported to me that he had never had cases of “ push-

ing disease ” amongst cattle, which had grazed for some time on the

hills, but that the outbreaks always occurred when the cattle were in

the vlei. He had found that the disease was stopped by moving the

animals back to the hill pasture, but that further cases were liable to

develop for a month, and even exceptionally six weeks, after the

movement had been effected.

In most of the other natural outbreaks that were investigated, it

was difficult or impossible to draw any definite conclusions from the
history recorded, nor had the owners themselves formed any definite

opinions on the matter.
Although, as has pi’eviously been stated, all of these farms

included a larger or smaller area of vlei grazing, in these particular

districts of Natal the same might be said of a very large number
of farms on which the occurrence of the disease has never been
recorded.

In August, 1919, after the performance of a partially successful

experiment designed to reveal the relation, if any, between the nature
of the grazing* and the appearance of the disease, a natural outbreak
occurred under circumstances that lent the strongest support to the

working hypothesis which had been based on the facts supplied by
Mr. Raw.

On the farm separated from St. Ives by the Lions River, the belt

of vlei along the river is very much narrower, and it is separated
completely by a public road, fenced on both sides, from the remaining
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ami very much larger portion of the farm, wliicli is practically all

well-drained hill pasture, with only a minimum of vlei. The owner
had allotted this conveniently separate vlei portion of the farm to his

native labourers, who utilized it in part for cultivating maize, and in

part for grazing their cattle. Towards the end of the winter of 1919,
when the disease was causing heavy losses in the surrounding district,

these natives lost some fifty head of cattle, practically all they
possessed, whereas the European owner, with a much larger herd, had
only one case.

(2) Annual Incidence .—The history of the successive outbreaks
on various farms proved interesting, but threw very little light on
the problem. On some farms the disease lias appeared for a number
of years in succession, although the number of cases lias in most
instances varied considerably from year to year. In one known
instance there have been numerous outbreaks on the same farm since

1905, although the disease did not appear every year, but as the
owner has for some years recognized the connection between the
disease and swampy ground, it is probable that his losses have been
considerably lessened, and in some seasons that losses were entirely

avoided, by judicious management.
Mr. F. Hutchinson, Government Veterinary Officer at Dundee,

has informed me that on one farm near Dannhauser, losses have
occurred every spring during the past six years.

On the other hand, there are known instances in which there
have been very long intervals between the outbreaks. On one farm
near Ixopo the owner, who was losing cattle from “ staggers ” in

October, 1918, informed me that the only previous outbreak bad
occurred twelve years earlier, and on a farm in the vicinity of New
Hanover it was staled that there had been a severe outbreak about
thirty years previously, followed by a period of twenty-four years’

freedom from t lie disease, another outbreak in 1913, and a third out-
break in November, 1919.

It is very possible that in many of these instances, at least, there
have been a few odd cases developing during the prolonged periods
of supposed freedom from the disease, but that these cases have been
incorrectly diagnosed, or that they have failed to attract any par-
ticular attention.

In connection with the outbreak which occurred at Balgowan
some thirty-five years ago, it is commonly stated that the farm then
particularly affected has since been quite free from the disease, but
the present owner of the farm reports that occasional isolated cases
occur.

In a number of instances the disease is stated to have disappeared
entirely from farms on which cases formerly occurred, and repeated
outbreaks of the disease are known to have oceuired on some areas
now alleged to be free from it.

In view of the considerable periods of time which are reported to

have elapsed between successive outbreaks on some other farms, it is

of course impossible to assert with any confidence that (he disease
lias definitely disappeared from an area, unless the opinion can be
supported by evidence other than the mere absence of cases during
a period of ten or twenty years. On the other hand, the absence of
cases on previously affected farms during such a period as ’he winter
of 1919, when in some instances (lie disease was active on all the sur-
rounding farms, suggested strongly that some factor favouring the
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although it had formerly affected them quite as much as, or in some
instances even more than, it had affected the adjacent areas.

From the evidence afforded by the few cases of this kind that
could be investigated, it was not found possible to determine the
probable nature of this factor, and if appeared to be reasonable to

suppose that the same factor was not necessarily invoiced in the
different cases. In one or two instances the boundaries of a farm had
been altered, subsequent to the last-recorded outbreak, or a previously
unenclosed farm had been fenced in, and in most cases farms had
been further sub-divided by fences, and artificial crops for winter
feeding were grown on a much larger scale; but there was no single

factor which was common to all the cases examined, and most of t lie

ascertained changes bad been taking place, to a greater or less extent,

throughout the district. Two striking instances of this disappearance
of the disease, from areas which had formerly been badly affected,

came to my notice after the nature of the affection had been estab-

lished, and in these cases it was possible, in the light of the knowledge
gained experimentally, to find the explanation in the performance of

extensive drainage operations.

There is no doubt that during the years 1918 and 1919 losses were
sustained on many farms on which the disease had never previously
been known to occur.

Few, if any, exact records have, been kept in the past, and it is

not now possible to determine which were the worst years previous
to 1919 and 1902.

(3) Seasonal Variations .—It was staled by Webb in bis report

that the disease usually appeared during the winter months, although
the, particular outbreak described had occurred in the middle of the

summer, but from the records of past outbreaks which I was able

to collect it appeared that the disease was especially liable to appear
in the early spring, soon after the “ veld ” had been burned.

The owner of St. Ives, who had kept records of a number of out-

breaks, considered the spring to be the critical season, although some
cases had also occurred in the, autumn, whereas until the winter of

1918 lie had always found it perfectly safe to graze his cattle in the

vlei (with which he associated the disease) during the middle of the

summer and of the winter. During the winter (July-August) of

1918, however, the appearance of the disease compelled him to move
all his cattle on to hill pasture, and the heaviest losses on record,

from this cause, occurred on many farms during the winter months
(June to August) of 1919.

My records show that at least some naturally-contracted cases

were seen, on one farm or another, during every month of the period

August, 1918, to February, 1920, with the exception of the two
months March and April, i919.

(4) Rainfall .—In the absence of accurate records it was im-

possible to obtain any indication of the possible influence of either

excessive rainfall or drought on the production of past outbreaks;

in most instances farmers were \inable to recollect anything of interest

in this respect. A few farmers connected their worst losses in the

past with the occurrence of a very dry winter, although the disease

actually appeared in the spring, and this evidence was certainly sup-

ported (and possibly suggested) by the exceptionally heavy losses
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sustained in 1919, when the usual late autumn and winter rains

failed, and the spring rains came abnormally late.

Of the outbreaks which I was able to investigate personally, the

majority occurred under conditions of drought, but this factor was
certainly lacking in several instances.

(5) Overstocking .—It is not possible now to determine whether

over stocking’ a particular farm or paddock played a part in causing

any of the outbreaks known to have occurred in the past. With
respect to the more recent outbreaks which have come under closer

observation, it may be said that only in a very few instances did the

number of cattle allotted to a particular grazing area appear to

exceed that which would generally be considered suitable under nor-

mal conditions. The number was undoubtedly excessive in many
instances, however, on account of the particular conditions of drought

then prevailing, but in certain cases over-stocking appeared to play

no part at all.

C.—Animals Affected.

(1) Species .—The disease appeared to attack only bovines, and
in no instance were any other animals reported to suffer from the

same, or any similar disease, on the farms on which many cattle con-

tracted it and died.

Some of the farms, on which the bovine disease lias appeared,

are situated in districts in which the equine disease popularly known
as dunziekte occurs, and the two diseases clinically have many
features in common, but, as far as I was able to ascertain, they have
never appeared on the same farm. In many instances, investigation

of an outbreak showed that the area gi’azed by an affected herd was
reserved entirely for cattle, or that it was shared with only a relatively

very small number of horses, which in most cases would g-raze it far

less constantly, and would also receive a supplementary grain ration.

In the case of one farm on which a number of outbreaks had
occurred, however, the owner had found that the \Ie,i paddock, which
lie considered to be the only one in which the disease was contracted,
could be grazed at all seasons with impunity by horses and sheep. In
tin’s cose the, number of horses was comparatively large, and animals
of both sexes and of various ages had been exposed to “ infection,”
while the number of sheep in the flock considerably exceeded that of

the cattle in any of the herds concerned.

(2) Breed .—The available evidence did not suggest that any
particular breed of cattle was either more or less susceptible to the
condition than others. Serious losses were known to have occurred
amongst well-bred Shorthorns, Lincoln Reds, Frieslands, etc., and
amongst “ grade ” cattle sired by bulls of such breeds; but equally
severe and fatal outbreaks appeared amongst nondescript “

kaffir
”

cattle.

(3) Age and Sex .—In Webb’s report for 1902 it was stated that

cows in milk were chiefly, and in some cases exclusively, affected,

although mixed cattle were running on the same pasture.

There is no doubt that young heifers, oxen, and bulls may con-
tract the. disease, and, in fact, that any bovine animal, of either sex
and of any age, may contract it when grazing; no case has ever been
recorded to have occurred in a calf before it had commenced grazing.
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A considerable number of yearling heifers and steers are known
to have died from this disease, and in some cases, during 1919, native
and Indian owners of small mixed herds lost all their stock.

In one instance, out of six adult working oxen, two recovered
after a severe attack of the disease and four died

;
these four oxen

were the only animals lost that season by the owner, although he
possessed a large number of cows and heifers, but inquiry showed that

the six oxen had grazed in a paddock to which no other cattle had
access. Another outbreak entirely confined to oxen was recorded,
but here again no other cattle had access to the same area at the same
time, although a herd of milch cows had only been removed from the
uiea a few wreeks previously; in this instance the mortality was
exceptionally low, although a large proportion of the herd was
affected.

On the whole, however, the experience of the outbreaks of

1918-20 was similar to that of 1902, as stated above, by far the
heaviest losses occurring amongst milch cows, and on one farm, at

least, only cows were affected, although a large number of working
oxen were running in the same paddock (when not actually in yoke
and at work elsewhere on the farm), and were kept there without loss

many weeks after the cows had been removed on account, of the occur-

rence of nineteen cases amongst them.

The probable reasons for the greater prevalence of the disease

amongst cows are discussed later; the comparative rarity of a case in

a bull is, of course, easily explained.

(4) Comparative Susceptibility of Native and Imported Cattle .

—

Apart from the question of breeds, it appeared to be of some interest

to ascertain whether cattle bred on affected farms were either more
or less susceptible than cattle introduced from other parts of South
Africa and from European countries.

During the worst part of the, outbreak in 1919, when the disease

was appearing simultaneously on many farms and the mortality was
generally very high, there appeared to be no difference in this respect.

Cattle of many breeds, and bred in many different territories, appeared
to contract the disease equally readily and with equal severity, and
the majority of the affected animals naturally belonged to the most
numerous class, that of cattle born on the, farms concerned, or on
neighbouring farms.

Cattle purchased from their breeders in the Orange Free State

also formed a large class, and provided many victims to the disease.

Iiecords of some small isolated outbreaks, however, certainly

suggest that cattle bred in the affected areas are less liable to contract

the disease than newly-introduced animals. Thus in one case, on

a small farm near Pietermaritzburg, six newly-introduced Cape cows
all died from the disease, although a number of other cattle (bred in

the area) not only had been running on the same pasture for some
time previously without mishap, but continued for years to graze, with

impunity over the same ground.

On another property, adjoining the laboratory, an owner who
constantly keeps from about six to ten head of cattle, in 1919 pur-

chased two Cape cows which had recently been brought to Natal, and
within a few months lost both from this cause, although he bad never

previously seen the disease, and he has had no further cases.
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1).—Symptoms of the Disease.

The symptoms which first attract the attention of the owner or

attendant vary considerably in different outbreaks and in individual

cases, and this is due partly to the occurrence of different clinical

types of the disease, and in part to the fact that some herds are kept
under much stricter and better observation than others.

Experience of this particular condition, however, enables some
observers to detect early signs which are far from obvious to those

lacking1 that experience, and which may even be difficult to appreciate
when actually pointed out.

As an example it was found that one farmer, who had an excep-
tionally long1 and constant acquaintance with the disease, and who
showed himself to be particularly observant in many directions, was
able to pick out cases at a remarkably early stage by a change in the
expression of the eyes. This symptom can usually be appreciated
very easily at a later stage of the disease, when it is well developed ;

the eyeball then appears to protrude abnormally from the orbit, the
cornea acquires a peculiar glaze, and the p\ipil may be considerably
contracted, the animal appearing to “glare” or stare wildly.

In many cases this change is not at all obvious, at least to the
majority of obseiwers, until many other symptoms of the disease have
become manifest.

It may be stated here that this wild glare of the eye is certainly
deceptive, for amongst the hundreds of cases of which the details

have been observed by or reported to me, there has not been one in

which the animal gave any evidence of a desire to attack or injure
another animal or an attendant..

On the contrary, vicious and nervous animals become quiet and
docile at a very early stage of the disease, and such a change in

behaviour may be one of the earliest signs of the condition.
As in many other diseases, isolation from the herd may be an

early symptom, and attention may first lie attracted by the fact that
the appetite is impaired or lost.

The commonest early signs are a tendency to restless wandering,
often with the head carried abnormally low

;
a clumsy or uncertain

gait, with a tendency to stumble at very small elevations or depres-
sions of the ground; and perhaps a difficulty in drinking, although
ihe last-named symptom often passes unnoticed for some time under
natural conditions.

In certain outbreaks the majority of cases have first been detected
bv a quivering motion of the ears, and in some cases constant grinding
of the teeth is an early symptom.

Finally, in a number of cases the course of the disease is so acute
that, although the animals receive the average amount of attention
and observation, cases of the disease when first seen present some of

the more serious symptoms to be described.

In the second stage of the disease (or in what may appear to be
ihe first stage of very acute cases) the best-known and most striking
symptom, which moreover is present in the great majority of cases,

is the “ pushing ” to which the disease owes its popular name. The
animal exhibits a peculiar tendency to press the head against some
solid and immovable object, such as a tree, a wall, a post in a fence,
or even another bovine or a man.

A considerable amount of variation is seen in connection with
this peculiar tendency. In some cases very little force is exerted,
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and the animal may be said to rest or lean the head against the fixed

object, but more commonly the pressure is considerable, as is shown
by the attitude adapted by the animal and by the tension of the

muscles, the neck being kept rigidly fixed and the weight of the
animal thrown forward. If the animal's head is pressed against a

man, in such cases he can only with difficulty hold his ground against

it, and he may be quite unable to do so.

In some instances the pushing may be described as violent. In
addition to fixing the head and neck, and throwing the weight still

further forward than in the cases previously mentioned, the animal
may attempt to advance by the aid of forcible movements of the legs,

and the ground on which this occurs may be considerably cut up by
the scraping of the hoofs. In the stable, an animal in this state

frequently places the forefeet in the manger or feeding-box and
appears to be attempting to climb.

It may be emphasized that, even in these violent cases, there is

no evidence whatever of any definite desire to injuie; the questions

of the reasons or motives for, and the state of consciousness during,
these actions are discussed later.

AY lien thrust against an object the head is generally placed at a

low level, but occasionally it is stretched up in such a way that the
inferior maxillary region, rather than the horns or the frontal region,

is in contact with the object.

In cases in which the animal has merely rested the head against
an object, it will suddenly withdraw the head and move slowly away.
The attacks of moderate intensity are generally terminated by a

gradual relaxation of the muscles involved, and the animal may move
away more or less normally, jor it may, after attacks of longer duration
or greater severity, appear to be considerably exhausted and go down,
lying in a normal position or even stretched out on the side.

In the more violent cases there may also be gradual relaxation of

the muscles, and the animal may stagger away or lie exhausted; or

again it may merely relax to the stage of moderate or light pressure,

and after a variable time pass suddenly again into the violent phase,
until the stage of exhaustion supervenes.

Of course in any of these cases the head may after a time slip to

one side of a narrow tree or post ; or, owing to the movements of the
body, with consequent change in the angle at which the force is

applied, the head may scrape along a wall and lose contact with it.

In such a case the animal may desist for a time from the action, but
when the process has been at all violent it will usually blunder on
until another fixed object is attained.

In the very violent cases another termination to the bout of

“pushing” is not uncommon. Owing to the low position in which
the head is held, or in some cases owing apparently to fatigue of the
muscles of the neck, which may suddenly bend, the animal loses its

balance and turns a more or less complete somersault on to the back,
according to circumstances.

The shock of such a fall appears to cause a temporary abatement
of the symptoms, and after a few seconds have passed the animal will

generally rise more or less normally and walk slowly away, or, in

other cases, remain standing quietly for some time; the expression of

the animal's countenance, and the attitude adopted, in many cases
strongly suggest that a feeling of fear is experienced at this time.
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It is interesting to note that, whereas the very slight attacks may
he terminated by the approach of a man or of another animal, or by

any stimulation of the patient, in all cases of greater severity the

opposite effect is seen, and external stimuli tend to prolong and
intensify the “pushing” action. In the worst cases this effect is

strikingly displayed, and if the stimuli are repeated whenever the

animal relaxes, the pushing is instantly resumed, until fatigue

eventually causes the animal to go down. In some of these cases a

sudden blow or noise will cause an immediate response in the form of

such a violent effort that the animal loses its balance and falls over,

as described above.

Apart from their intensity, these bouts of pushing vary also in

frequency and duration. Successive “ fits ” may be separated by
intervals of a few minutes, of some hours or even of days, and their

duration may be a matter of only one or two minutes, or more
commonly of from len or fifteen minutes to half an hour, but many
cases occur in which an animal keeps the head against an object

(particularly in a corner of a byre or shed) for several hours, or even
for a day or longer.

During these prolonged bouts the animal, having adopted an
attitude that throws the weight against a fixed object, remains almost
passively in this position for the greater part of the time, and exerts

pressure actively only at considerable intervals, or (and especially if

free from interference) not at all.

Generally speaking, either the frequency and violence or the
duration and violence increase as the case progresses, but this is not
always so.

Besides the characteristic “ pushing,” or in its absence, animals
may exhibit a number of other abnormalities in connection with
muscular movements, and most of these may conveniently be described
in two classes, namely, forced or involuntary movements, and inco-

ordinated movements.
Forced or involuntary movements may affect sing-le muscles, or

only small portions of them, smaller or larger groups of muscles, or

even apparently the entire skeletal musculature; they include mere
fibrillation, tremor, clonic spasms (which may occur at quite irregular
intervals or with a remarkable regularity), tonic spasms, and
generalized tetanic convulsions.

Very localized fibrillation may be seen in many regions, and it,

has been noted particularly in the infra-orbital region, tire side of the
neck, and the flank.

More pronounced and less localized twitching has been seen in a

number of acute cases. Sometimes it is confined to the muscles of the
ears, which may move backwards and forwards so rapidly that the
movement might be described as a vibration. (One nhotograph is

shown in which the animal generally is seen to be in focus, but the
outlines of the ears are blurred owing to this vibration.)

In other cases the twitching appears to lie confined almost entirely
to the panniculus, on one side of the neck or over one shoulder, and
in one case it was noted only on one side of the face beneath the
orbit, markedly affecting the wing of the nostril, and much less notice-
ably the upper lip.

In one not very common type of case a rhythmic contraction,
involving larger groups of muscles, and of greater intensity, produces
a constant extension and flexion of the head on the neck, a “ nodding ”
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of the head. In one such case that I was able to examine, the rate
or frequency remained very constant, the movement being- repeated
from thirty to thirty-two times in a minute. After a variable time,
generally about fifteen minutes, the movements would cease, and the
termination was usually very gradual, the amplitude of the movement
constantly decreasing*, although the frequency remained practically
una ltered

.

The animal, after periods of quiescence which were of very vari-

able duration, would suddenly make a few restless movements and
recommence the nodding with the same frequency as before, starting
with wider movements that as a rule soon beg'an to diminish in force
and amplitude.

During the quiescent periods the movement could be provoked
by a smart blow with the hand, by pricking the skin with a needle,
and sometimes even by shouting, and at a time when the movement
was gradually ceasing it could by such stimuli be restored instantly
to its maximum intensity, although the frequency altered very little

throughout the whole period of observation.

„ In a number of cases, and generally at a. later stage, ordinary
clonic or tonic spasms may affect one or more limbs, the trunk, or
the head and neck, and in such cases they may usually be provoked
by external stimuli.

In the later stages of many acute cases general tetaniform con-
vulsions may occur, and they may be easily provoked by the
application of ordinary external stimuli; in one such case, however,
although tetaniform seizures occurred from time to time, they could
not be induced by any of the ordinary external stimuli which could
be applied. Pronounced opisthotonos may be seen, the eyeballs may
rotate in the orbits, and the legs are extended very rigidly.

Inco-ordination of movement is often shown first by irregularities

of gait, but in a number of cases the first sign is a difficulty

experienced in drinking.
The first abnormality noted in connection with the gait is very

often a tendency to stumble wherever the ground is uneven, but slight

lateral swaying may first be observed.
In some cases the gait alters very little up to the time that the

animal goes down in an exhausted condition, and in some other cases

tlie animal is seen at times to stagger from side to side, although
shortly afterwards it may walk more or less normally.

In the majority of cases, however, the gait becomes increasingly

abnormal
;
the animal may sway irregularly from side to side, it may

appear to “ drag ” the forefeet somewhat and stumble frequently,

and in a few cases the feet are lifted abnormally high.
Any small elevation or depression in the ground, or any slope

of the ground (whether towards or away from the animal) appears to

cause it considerable trouble and perplexity, so that it is apt to move
very slowly or to stop, or else, and particularly if it be driven, to

stumble and fall.

The animal may deviate irregularly from its course, and attain

a desired point (such as a water-trough) with some difficulty
;
while

in severe cases it may obviously miss the desired goal, even in cases

in which the failure appears almost certainly not to be due to the

impairment of vision that is noted in mauy instances.

In some cases the gait becomes increasingly uncertain, and the

animal appears to have great difficulty in preserving its balance.
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R may then assume a variety of strange and unphysiological attitudes

when standing, and in walking it may reel and stagger from side to

side like a drunken man, at times abducting the legs widely and at

times crossing them, the movements generally being wavering and
uncertain.

While speaking of the gait it should be mentioned that the

general tendency is to carry the head very low, and this may be very

noticeable before the movements of the legs are at all obviously

affected. An animal in quite an early stage of the disease may wander
restlessly with the head at such a level that the muzzle barely clears

the ground
;
in the later stages the head may be held so low, and at

the same time it may be so flexed on the neck, that the horns actually

come into contact with stones or small projections from the ground
surface, and this may cause the animal to turn completely over, and
to sustain injuries, particularly to the, horns and the head.

In a very small number of cases the head is held abnormally
high, and it may then occasionally be jerked upwards sharply; in a

considerable number of cases the head is held at a more normal level,

but is extended forward, the animal’s attitude and troubled expression

suggesting an anxious search for something urgently desired.

Difficulty in drinking may appear very early in a case, but in

other instances no perceptible difficulty may be noted, the animal
drinking normally until the final stage of the disease, when coma
is present.

Until the final stage supervenes, animals generally appear to

exhibit rather more than normal thirst, and in some cases they display

quite an abnormal craving for water
;
this increased thirst might be

attributed to failure to obtain an ordinarily adequate supply of water,

on account of the interference with the act of drinking, but it should
be remarked that in such cases the rumen and reticulum are often

found post-mortem to contain an unusually large amount of water.
In cases in which this interference with drinking is shown, it

is usually first observed that an animal exhibits a keen desire for

water, drinking eagerly and particularly noisily, but that the level

of the water, if the latter be contained in a bucket or other compara-
tively small vessel, subsides only very slowly. As a rule only little,

if any, water is returned by the nostrils, and the animal appears to

be unable to draw the water into the mouth with normal ease and
rapidity, whereas the act of swallowing whatever water can be
obtained appears to be performed without difficulty.

At a later stage of the disease, the behaviour of the animal when
offered water gives evidence of inco-ordination of greater degree, and
of the involvement of further muscle groups. The head may be
inserted into the bucket only with some difficulty, the muzzle at first

perhaps striking or scraping against the wall of the vessel.

In these cases the muzzle is often plunged below the surface of

the water to an excessive depth, and submersion of the nostrils may
then interfere with respiration and aggravate greatly the disturbance
of the power to drink.

It is of interest to note that an animal may still appear to eat
quite, or almost, normally, although drinking has become a some-
what slow and difficult process.

In cases in which the symptoms described in connection with the
act of drinking become at all pronounced, how’ever, interference with
the process of eating will sooner or later be equally obvious, unless,
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before any abnormality in the performance of the. act can be detected.

Inco-ordination of muscular activity in connection with eating
is usually observed first m the form of an imperfect control of the
movements of the lips and tongue, with consequent interference with
the. prehension of iood. A few cases have been observed in which
a hungry animal has for a time overcome this difficulty, at least in

part, by repeatedly thrusting the muzzle into the food with an abrupt
and forcible movement, as if striking with the muzzle, or by swinging
the head from side to side,, with the mouth .open, at the same time
causing it to approach the food more nearly at each effort. Long and
coarse food may be quite successfully secured in this manner, and
once secured it is generally swallowed without any signs of difficulty.

Such symptoms are seen only in occasional cases, and the majority
of affected animals show no particular symptoms in connection with
the consumption of food, other than lack of appetite.

In some instances the animal will continue to feed until the final

stage of the disease is reached, but as a rule tlie appetite is capricious

for a time, and finally lost altogether some days before death occurs.

In a number of cases an animal may be seen to take a mouthful
of food, and to retain it for a long time in the mouth without any
effort at mastication or swallowing, and it may wander about or lie

for hours with a bunch of lvay held between the jaws. In such a case

normal feeding may be resumed quite suddenly, and this behaviour
is evidently dependent on some disturbance of consciousness.

Rumination ceases very early when the disease runs an acute

course, but in those sub-acute cases in which the nervous symptoms
are only intermittently exhibited, and in which the appetite is pre-

served almost until the end, rumination may for many days continue
to be performed during the comparatively prolonged quiescent periods.

Occasional fits of grinding the teeth are commonly noted in the

earlier stages, and later this may become a prominent symptom, the

animal grinding the teeth at very frequent intervals, or for quite

prolonged periods, and sometimes with the exertion of considerable

force, so that the sound may be very noticeable 100 yards away from
the animal.

Frothy saliva is usually seen about the muzzle, and it may be

constantly dribbling to the ground. Salivation may be a very early

symptom of the disease, and may continue to be observed throughout

its course; in the later stages of some cases the flow of saliva may be

so profuse that a distinct pool is formed below the animal’s head, in

spite of rapid evaporation under the influence of heat and the dryness

of the atmosphere.
Similarly lachrymation is noticeable in most cases, although

often only in the later stages, when the serous discharge may be very

profuse; in some cases one may observe a discharge witli altered

characters, which may be due to traumatism.

A. serous discharge from the nostrils is noted only in a minority

of cases, and in the later stages of those cases; in some instances the

discharge may become catarrhal, or even show an admixture with

blood, and here again traumatism appears to be responsible for the

change.
Apart from the lachrymal discharge that is usually present, to

a greater or less degree, the eyes generally show the abnormal pro-

trusion and the peculiar glaze, of the cornea to which reference has



139

already been made. The pupils may appear normal, hut are usually

somewhat contracted (due allowance being- made for the bright light

in which the examination is usually conducted); in all cases which
have come under observation, the, pupils have been equal. At a later

stage of the condition, and particularly during phases of violent

muscular activity, the pupils are very markedly contracted, and under
the unfavourable conditions (with respect to light) which usually

obtain in the field, in a number of such cases it is difficult to see any
pupillary opening at all ;

on this account it has been thought in a

number of instances that the pupil was very widely dilated.

In cases in which the nervous symptoms are only occasionally

displayed, the pupils in most instances appear during the quiescent

periods to be almbst or quite normal, at least until the case is nearing
its end.

In a tew cases the conjunctiva has been noted to show injection

of vessels, and occasionally it has a muddy appearance, but in most
cases it shows little or no deviation from the normal colour and
appearance, apart from some slight degree, of pallor.

In many cases the sight is very considerably affected, and obser-

vation of a considerable number of eases suggests that many of the

manifestations of the disease, such as the tendencies to stumbling and
falling, walking into solid obstacles, and following an irregular course
in approaching a desired goal, may be chiefly due in some cases to the

impaired vision, possibly accompanied by or secondary to dis-

turbances ot consciousness, and in other cases rather to the

inco-ordination of muscular activity.

Constipation is practically always present, and the faeces tend

to be abnormally dry and firm, with an excessive admixture of mucus;
quite small hard spherical masses may be passed.

The urine has always been found to be quite clear when first

passed, and of a light yellow colour; throughout the greater part of

the attack the animal will generally micturate in a normal manner
during the quiescent phases, and in no case has an animal been
observed to pass urine, at all during a phase of abnormal muscular
activity. In the majority of cases micturition is suspended altogether
during the final stage cf the disease, so that the bladder is generally
found post-mortem to be more or less distended with clear urine, but
in no case has any sign of over-distension of the bladder been observed.

The application to the urine, of the ordinary sugar tests of

Fehling and Nylander shows that it may contain a reducing sub-
stance, but that substance is frequently absent. The presence of

protein material can be detected occasionally by the application of

the ordinary tests, but in such cases the amount present is very small,

and can hardly be estimated by the use of such a method as the
ordinary Esbach’s albuminometer.

The pulse is only very slightly affected in this condition, and
during quiescent phases it may be quite normal in frequency and
strength, and perfectly regular; during the periods of violent move-
ments it may be almost impossible to feel the pulse or to form an
opinion as to the character of the heart-beat, on account of the move-
ments which are already taking place, and also because the least

interference^ with the animal may provoke violent reflex movements or
even convulsions. At these times the heart-beat and the pulse appear
to show only those changes which would normally be expected to

appear during the course of very violent muscular activity.
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It is only during the later semi-comatose and comatose stages that
the pulse is likely to show much deviation from the normal, and it then
becomes considerably slower and weaker; but in some cases, even
when the animal has been down on the side for many hours, or even
one. or two days, and appears to be passing into a state of deep coma,
the heart-beat and pulse may be rather unexpectedly strong and regu-
lar, although less frequent.

In the majority of cases the respiration also is very little affected,

and although it is temporarily changed during phases of great
muscular activity, the nature and degree of change appear to bear
a normal relation to the amount of bodily exertion. When the
comatose stage approaches, the respiratory movements gradually lessen

in frequency and depth, become irregular, and may acquire a jerky
character. The. respiration may finally merit the description of
“ stertorous ” or “ grunting.”

The temperature has never been found to be affected to any
significant degree, and in most cases all the temperatures recorded

have fallen within the limits which are more or less universally
recognized as normal. Observations have been made on a consider-
able number of cases, and in certain naturally-contracted cases of the
disease the temperature was taken at, least twice, and often three or

four times, daily throughout the course of the affection. In some
cases the temperature, when taken during a hot summer afternoon,

was found occasionally to be as high as 103° F., or slightly higher,
hut a temperature oi 103° F. is often exceeded during a Natal
summer in healthy cattle living under open-air conditions.

It may be stated that in this disease the occurrence of an
abnormally hig'h temperature, especially if associated with any
marked alteration in respiration, points to the development of some
complication such as a “ drenching ” pneumonia, which is a not

unlikely sequel to the attempted forcible administration by the mouth
of drugs.

An exceedingly rapid loss of condition is seen in practically all

cases, but in natural outbreaks it is uncommon for any particular

loss of condition to be observed before the onset of definite symptoms,
and in a number of acute cases animals displaying the most violent

symptoms of the disease may still be in excellent condition. From
the time of the appearance of the first definite symptoms the loss of

flesh is very rapid, and within a few days the majority of the affected

animals are becoming noticeably thin, and they have a depressed and
” tucked-up ” appearance; in all sub-acute cases the animals before

death are more or less emaciated.
It would be both difficult and unnecessary to describe the varia-

tions already observed in the course of different cases of the disease,

with respect to the particular combinations of symptoms exhibited,

the predominance or relative insignificance of various groups of symp-
toms, and the chronological order in which they appeared. No two
cases of the many seen or described have been identical clinically.

Scnne of the variations which may be observed in connection with
one particular symptom or group of symptoms have alreadv been
indicated, and the various symptoms seem to be combined, in different

cases, in almost all possible ways.
Thus the animals that display such forced movements as the

constant “ nodding ” of the head generally exhibit little, if any,
tendency to push against posts, etc., but in some cases the same
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animal will exhibit the two usually distinct types of movements at

different stages of the attack, and I was able to observe one case in

which the two actions were performed simultaneously.

In this case the animal kept the head pressed against a post, and
at the same time rocked the head on the post in such a manner that

the horns struck it at the termination of each movement of flexijn;

this process caused a strangely regular knocking sound, suggesting

strongly the noise emitted by some type of machine, and it was
audible hundreds of yards from the enclosure in which the animal

was kept.

In the majority of cases the animal becomes progressively

weaker, and it finally lies on the side in a semi-comatose condition

that gradually passes into deep coma. Even when the animal has

appeared to be comatose for many hours such external stimuli as a

blow or the prick of a needle may sometimes provoke strong reflex

movements.
In acute cases the animal, even in the later stages, may be very

violent, and before going down finally it may repeatedly turn somer-

saults or fall on its side and rise again
;

the head may then be

considerably injured by the repeated falls and by violent contact

with the solid obstacles against which it is thrust.

When down finally, these animals may continue for many hours

to have phases of violent movement, during which further injur es

may be inflicted.

In some cases the nose is pushed firmly into the soil; in others

the head will occasionally jei'k suddenly to one side, even touching
the trunk. During these movements the muscles of the neck become
very rigid, and those of the limbs and trunk may be little affected, or

they may simultaneously undergo strong tonic contractions.

In rare cases the head is raised and moved rapidly in the air

with a circular motion, and in a considerable number of acute cases

there are wild convulsive struggles, during which the head is repea-

tedly (but quite irregularly, and no doubt unintentionally) struck

against the ground or against a wall or post with great force.

These animals, unless quickly destroyed, soon present a pitiable

sight, with horns torn off or broken, horn-cores fractured and lacerated,

and numerous contusions and lacerations, particularly about the head,
but also on the limbs and even the trunk ; there is often considerable
haemorrhage, especially from the horn-cores. Such very violent

cases formed only a rather small minority of all the cases which were
observed, but they predominated in the outbreaks on a few farms.

The final stage of a gradually deepening coma, whether inter-

rupted by phases of violent movement or not, may be quite extra-

ordinarily prolonged, and animals that appear to be likely to die

within a few' hours will often exist, apparently in the same state, for

four or five days.
Indeed, it may be said that under natural conditions very few

animals actually die from this cause, although from humane motives
a large number are slaughtered in what appears to be a hopeless and
incurable condition.

Experience has shown that animals may recover after displaying
a number of the earlier symptoms, such as the wild staring eye,
impaired vision, grinding of the teeth, an irregular gait, stumbling,
and even a slight or very moderate amount of

“ pushing.” Only very
rare recoveries have been recorded, however, after these symptoms had
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developed to any considerable degree, or after any of the more severe
symptoms bad been shown, and no case has been recorded of the
recovery of an animal which had reached the third stage of the
disease (semi-coma or convulsions).

Taking the duration of the disease to be the time that elapses
between the appearance of recognizable symptoms and the attainment
of that stage at which recovery is considered impossible, and slaughter
advisable or necessary, the disease may be said to last for any period
from a few days (probably never less than three or four) to many
weeks

; cases ending* fatally after two months are known t'o have
occurred. The majority of cases probably end in compulsory
slaughter between the tenth and twentieth days.

It was reported by one farmer that the weather exercised a
decided influence on the course of the disease, and from observation
of a number of cases in the field I was able to confirm this fact. It

v/as clearly seen that cool cloudy weather had a most favourable effect,

whereas clearing of the sky and renewed exposure to strong, direct

sunlight could precipitate the reappearance of nervous symptoms
even within fifteen or thirty minutes.

It is worthy of emphasis that at least during the first half of the
course of the disease definite symptoms may occur only in a very
erratic manner and at long intervals. During the earlier intervals,

which may be of many hours’ (or even of several days’) duration, the
animal may present very few, if any, signs of disturbed health. It

is not uncommon to see an animal displaying quite severe nervous
symptoms, including hard pushing against a wall or post and apparent
disturbance of consciousness, and yet an hour (or less) later to see

the same animal walking about or feeding quietly; in some cases even
rumination may be observed shortly after such an attack.

It is also to be noted that under natural conditions many cases

end quite early in accidental death, or in the receipt of injuries which
necessitate immediate slaughter. Thus quite a number of affected

cattle, blundering almost blindly onwards, end by walking or falling

into rivers, with consequent drowning, or into holes or “dongas”
(gullies or ditches). Such a fatal termination may occur many miles
ffiom the starting point, the animal forcing its way through wire
fences and over many obstacles in spite of repeated falls, temporary
checks, and painful contusions and lacerations. In other cases the

animal is caught finally in a strong wire fence, unable to advance,
and either unable to withdraw from the entanglement or unwilling
to do so. In such cases it will often soon cease to struggle forward,
and it practically never attempts to retreat. Unless found and
liberated, it may remain quietly in the same position until it falls

exhausted, or it may at intervals renew its violent and quite unintel-

ligent efforts to press forward.

It may be noted that on one farm a particular type of the disease

may be seen to predominate, and on an adjoining farm, or even on

the same farm at another period, quite a different type of case may
be most common. The peculiar vibration of the ears is noticed only
in a few individuals, or in none at all, in some outbreaks, whereas in

others it may be one of the earliest and most striking features of a

majority of the cases : similarly on some farms quite three out of four

cases have been of the very acute and violent type, while on other

affected farms all the cases recorded have been of the sub-acute type.



E.—Macroscopic Lesions of the Disease.

It is very commonly stated that a post-mortem examination

reveals no lesions at all, or else that no change is to be seen other than

a hyperaemia or congestion of the meninges. Any lesions that were

found by Webb in 1902, in connection with the uterus and foetal

envelopes, were presumably accidental and not characteristic of this

disease, which has caused the deaths of numerous castrated males and
non-pregnant females. Moreover, 1 have found no naked-eye lesions

at all in connection with the uterus and membranes of a number of

pregnant cows which were destroyed on account of this disease.

I may remark here that in discussing the condition of various

organs I have given no weights or measurements, as the animals

differed so greatly in size (apart from the variations associated with

age and normal growth), and I was not able to record the total weights
or significant measurements with any accuracy.

The appearances which were found in a series of more than fifty

post-mortem examinations may be summarized as follows:—
(1) Lesions almost Constantly Present.

(a) Poor condition or emaciation, and most of the usual features

associated with such a condition. Absent in a small minority of

exceptionally acute cases.

(b) Some petechiae or ecchymoses in connection with the heart,

and usually under the left endocardium ; much less commonly under
the right endocardium or the epicardium.

(c

)

A flabby consistence of the myocardium, which generally was
distinctly paler than normal and had a somewhat opaque appearance;
occasionally a slight tinge of yellow was noted.

(cl) The liver showed some degree of change in every case. The
organ was very often of normal size, but in about one-third of the

cases it appeared to be somewhat enlarged. On section it appeared
to contain a normal, or even somewhat sub-normal, amount of blood,

and only occasionally appeared to be slightly congested in parts.

On the other hand, sub-capsular haemorrhages, forming circular

black spots up to 2 mm. in diameter under the capsule, and extending’

to a depth of about 1 mm., were noted in about one-tenth of the cases.

In such cases there were usually only three 'or four of these

haemorrhages, and they could never be described as numerous.
The parenchyma was generally paler than normal, the colour

being usually given in my records as yellowish brown, but in a few
instances it was more of a pale chocolate hue. The lobulation of the

organ was almost always abnormally indistinct.

The elasticity was usually reduced—in a number of cases not
very noticeably. The cohesion of the tissue was practically always
reduced, although to varying degrees, the parenchyma being friable

and more easily lacerated with the fingers.

The gall-bladder was generally found to be moderately distended
with viscid dark greenish bile; exceptionally the mucosa of the gall-

bladder showed numerous petechiae.

(2) Lesions less Constantly Found.

(a) In acute cases the horns, the muzzle, and the cutaneous
surface sometimes showed various signs of trauma, and the sub-
cutaneous tissue was the seat of haemorrhages or was infiltrated in

patches with clear liquid or with a serous liquid tinged with Hood.
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(b) In acute cases (about 40 per cent.) the lungs were affected

with an emphysema, particularly in the anterior lobes and along the
lower border of the middle lobes. This lesion was usually bilateral,

although very often unequally developed on the two sides, and it was
sometimes very extensive. It appeared to be essentially an interstitial

emphysema, arising during the respiratory movements accompanying,
or immediately succeeding, the more violent convulsions.

(
c

)

The kidneys were often noted to show some change; on
section the cortex was generally seen to be pale, sometimes with a

distinctly yellowish ting-e, but exceptionally it was somewhat darker
than the normal, and traversed by a number of narrow radial streaks

of a dark red colour.

(d) In about one-third to one-half of the cases the contents of the

omasum were abnormally hard and dry, but in many cases they were
found to be quite as soft, finely divided, and moist as in the normal
carcass.

(e) The abomasum, in about one-fifth of the cases, was the seat

of a number of ulcers. These ulcers varied from small points of the
size of a large pin’s head to lesions of 1 cm. diameter; exceptionally

some of them had a diameter of 3 or 4 cm. In most cases they were
circular or broadly oval in shape. Much less commonly, but especi-

ally when of larger size, they were of irregular shape, and in a few
instances, in which an active process of healing appeared to be
occurring, they were distinctly stellate. The ei'osion appeared to

extend dowm to the sub-mucous tissue in fully developed ulcers, but
in no instance was any perforation found, nor did the serosa and
muscular coats show any change at all to naked-eye inspection.

The borders were always very sharply defined, and a mixture of

debris and coagulated blood practically always adhered to the edge,

and frequently covered entirely the flat base of the ulcer. These
lesions were often found only at or near the summits of the loose folds

in the mucous membrane, and several adjacent folds were usually
affected, but in some cases ulcers were found only on one particular

fold ; in .some instances a cluster of such ulcers was found within a

few centimetres of the pylorus.

The number of ulcers found in different cases varied from three

to more than twenty, the average number being from four to six.

Occasionally the abomasum contained an excess of mucus, and in

some cases the mucous membrane showed a considerable amount of

diffusely scattered whitish deposit, which appeared to consist of

epithelial debris and mucus.
Very occasionally a few petechiae were found.

(3) Lesions present, on Ip Occasionally

.

In a small proportion of cases the lungs showed a slight or
moderate degree of oedema, and exceptionally a broncho-pneumonia
was found, affecting the inferior portion of one or both middle lobes.

The small intestine occasionally exhibited a considerable amount
of bile-staining of the mucosa, and in rare cases transverse yellow or
yellowish brown stripes were noted. In some cases the mucous
membrane showed very slight diffuse hvperaemia, and the presence
of a slight excess of mucus. In many cases firm parasitic nodules
were present in the sub-mucosa, and in some instances such nodules
had obviously discharged contents into the lumen of the bowel through
small channels piercing the mucosa.
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In a number of instances one found fairly thick clusters of

nodules, many of which had discharged contents, and over them the

mucous membrane, besides showing a number of perforations,

was often thickened and roughened, infiltrated with clear liquid, and
covered by a number of small blood coagula.

The number of free oesopliagostomes present in the lumen of the

ileum was sometimes very large.

The large intestine often showed little abnormality other than the

presence of an increased amount of mucus, and an unusually desiccated

condition of the contents, particularly in the rectum. Patches of

moderate congestion were only occasionally noted, more especially in

the region of the anus.

Parasitic nodules were often present in the sub-mucous tissue,

and in some cases they were very numerous
;

the bowel frequently

contained many free nematodes, and in many cases the number was
really exceptionally large.

The bladder was usually found to be moderately distended with
clear yellow urine, and in some cases it was greatly distended, but no

case of rupture of the wall was noted
;

in almost all cases the mucosa
had a normal appearance, but on a few occasions a considerable

number of petechiae were found.
Occasionally the portal lymphatic glands appeared to be

moderately enlarged and oedematous, but, in the absence of any
special complications, the other lymphatic glands showed no abnorm-
ality.

Besides the oesophagostomes already mentioned, which were
found in very many, but by no means in all, cases, the occasional or

common presence of a number of other helminths was noted. On
certain farms practically all the autopsies revealed the presence in the

rumen of numerous Amphistomum conic-um, although in other locali-

ties they were generally few in number and even absent.

On some farms the livers were generally infested to some extent
with flukes (apparently the common Distomum hepaticum), although
no heavy infestations were noted : on the majority of the affected

farms these parasites were not found.
The presence of Haemonchus contortus in the abomasum, or of

c-estodes in the small intestine, was noted only in a few isolated cases.

Apart from minor modifications associated with the general state

of emaciation and an anaemia, the other organs and tissues of the body
displayed no abnormality, and the processes of rigor mortis and coagu-
lation of the blood appeared to occur normally.

It may be noted that the rumen generally contained a consider-
able quantity of liquid, the contents forming a very soft moist mass
or, very frequently, consisting of comparatively little solid vegetable
material mixed with much water.

In view of the observations mentioned in connection with the
outbreak of 1902, it should te stated that some fatal cases were
observed in pregnant cows, even within a few weeks of full term, and
also in cows which were attacked by the disease shortly after parturi-
tion. In no case did examination of the uterus, vagina or foetal
membranes reveal the presence of any lesions which could reasonably
be attributed to this disease, and it is of interest to note that in no
case has abortion been recorded to have occurred.

The cerebro-spinal fluid was always perfectly clear and trans-
parent, and almost colourless, or of a very light yellow colour. In
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the majority of instances it was not practicable to measure the total

quantity present, and such measurements, if recorded, would probably
have been only of slight value, in view of the great variations in size

shown by the animals affected (most of which could not be weighed),
and of the comparatively wide limits within which the amount of the
fluid may vary in apparently normal animals.

In some cases the fluid certainly appeared to be more abundant
than usual but in many other cases, both acute and sub-acute, the
amount seemed to be quite small, and it appeared, as far as one could
judge in the absence of a series of careful measurements, that the

amount of fluid was not at all markedly affected in this disease.

It may be noted that in different cases various methods of

slaughtering and examining were adopted, with the object of judging
such points as the relative abundance of the cerebro-spinal fluid, and
the presence or absence of a congestion of the brain or meninges under
a variety of conditions.

In one case the vessels of the pia mater appeared to be distinctly

engorged, but in no other instance could any abnormal appearance
whatever be detected in the meninges by naked-eye inspection.

With respect to the brain itself I was not able to detect any
macroscopic lesions which could be attributed to this disease.

In a small minority of cases the anterior portion of the cerebrum
showed some greyish brown, or even brownish-black, pigmentation;
which was quite superficial and varied in different cases as regards
the area of distribution, from one to three convolutions being affected.

The intensity of the pigmentation and the area of distribution

appeared to bear no relation whatever to the type of the case, as

judged by either the duration of the attack or the particular symptoms
exhibited, and I had previously seen what appeared to be an identical

form of pigmentation in brains derived from animals that had
certainly not suffered from this

“ pushing disease.”

No changes in the appearance or consistence of parts were found
on section in any region of the central nervous system.

The lesions observed microscopically are briefly discussed on
page 186.

F .—MortaUty.

The average mortality, calculated from data concerning all the

outbreaks of which fairly complete, details are available, is rather
less than 80 per cent. On many farms comparatively small outbreaks
were observed in which all the visibly affected animals eventually
succumbed, and in the majority of outbreaks the cases ending in

recovery amounted to about 10 per cent, of the total number.
The average mortality calculated from the sum of all the

available data is considerably affected by the figures relating to four

or five farms, on which outbreaks involving a mortality of only about
bO per cent, occurred. In some at least of these outbreaks there is

reason to suppose that the character of many of the cases was affected

by the fact that the grazing ground was changed almost immediately
after the development of the first cases, owing to the knowledge of

the, owners at the time that the relation of the disease to “ vlei

grazing was strongly suspected, or even more or less definitely proved.

Although no exact figures are now available, it is known that

similar outbreaks associated with a comparatively low mortality have
occurred from time to time in the past.
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In outbreaks of a severe character, the few cases that recover are

commonly some of those which have been the last to develop; at the

time of the development of these milder cases the grazing conditions

of the herd may obviously have been altered, but this does not always

appear to be the case, apart from the effect of the deaths in reducing

the number of cattle which graze over the particular area involved.

With respect to the incidence of the, disease, in a number of out-

breaks all the animals in a herd have been attacked, but the proportion

varies within very wide limits, and in some instances only one or

two animals have been affected in a herd numbering more than one

hundred head.

G.—Sequelae.

It has generally been found that animals which recover from an

attack of this disease are only very slowly restored to a normal
condition.

In one outbreak it was noted that of eight animals which
recovered, all were very awkward in their movements, especially if

hurried, for many weeks after most of the usual signs of general

health had reappeared, and after the animals had been restored to

moderately good condition
;
the staring expression of the eyes also

persisted, in some cases for at least two months. One young ox was
found to be quite unfit for work for a long time, although no out-

ward signs of ill-health or abnormality were to be seen under ordinary

conditions of rest. Any excitement, such as that associated with
“ inspanning ” or attempting to' work him, provoked a violent nervous

reaction associated with apparent signs of fear, wild struggling, and
blundering into obstacles, and generally ending in exhaustion. If

allowed to rest quietly for an hour or longer, the animal once more
appeared to be normal, and he was perfectly docile unless excited.

In some instances it was reported that certain cows, which had
recovered from an attack of the disease at least four or five years
earlier, were still affected by any excitement. These cows appeared
to be in good health; they had had several calves without difficulty,

and they gave an excellent supply of milk. Under all ordinary con-

ditions they behaved normally, but anything causing excitement, and
especially driving them, made them “lose their heads,” and this was
particularly noticed when large herds of cattle were collected

periodically for dipping. These recovered animals were then almost
unmanageable; they blundered blindly into obstacles such as other
animals or posts, and they were very liable to be injured by other
cattle or by heavy falls.

H

.

—Immunity.

In almost all instances it was found impossible to obtain any
evidence bearing on the question of the possible acquisition of some
degree of immunity against the, disease by an animal which had
recovered from one attack.

In no instance was it recorded that any animal had been known
to suffer from two or more attacks of the disease, but this evidence
was purely negative, and on account of the prolonged intervals that
in many cases had elapsed between successive outbreaks of the disease
on the same farm, and of the deaths which had occurred from other
causes, it was difficult to trace, any cases in which it was possible
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to he reasonably certain that recovered animals had been exposed to
reinfection.

The history of one small outbreak suggested that some protection
may be conferred by an attack of the disease. In this case, during
the winter of 1919, nine cows and one calf were running together
under identical conditions; seven cows and the calf contracted the
disease, and of these only one. cow and the calf recovered.

The two cows which were not affected at all had both passed
an attack of the disease some five years previously, and whenever
driven or excited they were still liable to display the symptoms
already described. They received no treatment of any kind differing
from that accorded to the other members of the small herd, and they
continued without subsequent harm to graze over the same area, and
to share at night the shed in which the other animals were kept, both
prior to and during the outbreak.

II.—Experimental Determination of the Cause of the Disease.

When this inquiry was instituted, the available information
relating to this disease allowed very few conclusions to be drawn with
regard to its probable cause, and very little help was to be derived
from comparison with the various clinically-similar conditions which
have been observed elsewhere amongst bovines and other domesticated
animals, as in few of these conditions do the aetiology and patheno-
genesis seem to have been at all satisfactorily demonstrated.

The symptoms appeared obviously to arise from the action on the
ceniral nervous system of a toxine or poison, but there was little to

indicate whether the hypothetical toxic substance was elaborated by
some living organism (whether macroscopic, microscopic, or ultra-

visible) which had gained access to the animal body, or whether it

was present normally in some species of plant ingested by the cattle,

or was formed in such a plant as a result of the invasion of its tissues

by a parasite..

The view advanced in 1902 by the Principal Veterinary Surgeon
of Natal, that the disease might be caused by the deficiency of the
diet in some essential substance, was considered to be improbable,
because the animals attacked practically always (and later it appeared
that they always) had access to swamp or

“
vlei ” grazing, where the

vegetation was thickest, most luxuriant, and greenest, and where the
animals usually thrived best, whereas adjacent hill farms, with scanty
and often stunted and desiccated vegetation, seemed never to be
affected. It is admitted, of course, that these facts only rendered the
deficiency theory very improbable, and that they were not absolutely

inconsistent with such a possibility.

The actaal symptoms of the disease might, of course, be directly

occasioned by the action on the nervous system of some abnormal
metabolic product, but it was considered that such a specific dis-

turbance of metabolism would be likely to be caused only by one or
other of the factors mentioned above.

Attention was at first naturally directed towards the possible

presence of a micro-organism, particularly in view of the association

of the meningococcus with human cerebro-spinal meningitis, and of

the description of a streptococcus in connection with the so-called

Borna disease of horses.

The recorded facts rendered it very improbable that the disease

could be caused by an obligatory parasite transmitted directly from
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bovine to bovine, and it was thought that it invasion of the animal

body by a living* organism were indeed the cause of the disease, the

organism must normally be a soil or water saprophyte, with very

narrow requirements with respect to moisture and temperature, or

very possibly an organism with a complex life-cycle and one that

required certain special external conditions either for its own
existence, or for that of an intermediate host.

Throughout the course of this investigation the effort was made
to explore simultaneously, as far as was practicable, all the more
probable hypotheses, and several more or less independent lines of

inquiry were being carried on up to the time when one particular

method yielded a positive result.

With respect to all the experiments to be described, it is well to

stale here —
(1) that the experimental animals in most cases were purchased

especially for this purpose from farms on which the disease

had never been known to occur, and that were not in the,

vicinity of any' affected faims. Of the remaining animals
most had been bred at the Veterinary Research Laboratory
at Pietermaritzburg-, at which the disease had never been
known to occur spontaneously, and the balance, very few
in number, had been purchased from various sources but
had been at the laboratory, under constant supervision,

for several years

;

(2) that where additional rations of maize, bran, oat forage,

lucerne hay, and kikuyu grass were given, these materials
were known to be above suspicion, as far as any connection
with this disease was concerned. Throughout the whole
period of these experiments many other cattle, utilized for

experimental work of a totally different nature, were simul-
taneously being fed on the same foodstuffs, taken not only
from the same consignments, but very often from the same
bags or bales.

The procedures that were adopted may conveniently be divided
into direct and indirect (or, at any rate, less direct) methods of

investigation.

A.—Direct Methods.

As the methods mentioned under this head gave no positive
results, it is not proposed to describe in detail all the experiments
performed, but only briefly to indicate the nature and scope of the
work done.

(.1) Attempts to Transmit the Disease by Inoculation.
Numerous experiments of this nature were performed, par-

ticularly in the earlier stages of the investigation. In a number of
the earlier experiments the materials were taken on farms from
naturally-arising cases and transported to the laboratory, with a conse-
quent interval before inoculation of from twelve to twenty-four hours;
later living- cases of the disease were transported to the laboratory,
and the interval was reduced to an hour or less, or even, in the case
of blood, to a few minutes.

The following- materials, taken from animals which had been
killed in various stages of the disease, were utilized; the inoculated
animals being of the bovine species, except where it is otherwise
stated :

—
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(a) Blood.—On different occasions both eitrated and defibri-

nated blood were utilized, and the amount inoculated
varied from 10 c.e. to a litre; both subcutaneous and
intravenous inoculations were performed. Later, direct
transfusion of blood from the jugular1 vein of a living case
to that of a healthy animal was tried.

(b) Liver, Heart, Kidney, and Spleen.—Portions of these
organs were minced as- finely as possible and mixed
thoroughly with normal saline solution. After the solid

particles had settled, the supernatant liquid was removed
and inoculated, both subcutaneously and intravenously.

(c) Cerebrospinal Liquid.—Rabbits were inoculated with 3
and 4 c.c. respectively, and hovines received as much as

2(J c.c. ; both subcutaneous and intravenous channels were
tested.

(d) Brain Tissue .—This was ground into a fairly smooth
emulsion with normal saline solution, and the emulsion
inoculated hypodermically and intravenously.

f e) Wall of Abomasum and Intestine.—Portions of the wall
of the abomasum, and similar portions taken from various
parts of the intestine, were minced and mixed with normal
saline, the supernatant liquid being withdrawn after a

time, and administered per os and subcutaneously.

(f) Contents of Rumen, Abomasum, and Intestine.—Material
taken from the various portions of the gastrointestinal
caual was mixed with water, or normal saline, and
administered by the mouth.

No positive results were obtained. One animal died suddenly
when inoculated intravenously with 400 c.c. of blood which had been
insufficiently warmed after twelve hours’ preservation on ice. Two
animals developed local abscess, one after subcutaneous inoculation
with the liquid from minced intestinal wall and the other after

inoculation of brain tissue that had been transported fifty miles on
a hot afternoon and which was inoculated nearly twenty-four hours
after its removal from the carcass.

(2) Bacteriological Examinations.

(a) A large number of preparations, made from practically all

the important fluids and tissues of the body, were examined micro-

scopically both in the fresh state and after fixation and staining by a

variety of methods (including different simple stains, Gram’s method
and its modifications, Ziehl-Neelsen, Romanowsky modifications, etc.).

In most cases the preparations were made from animals which
had teen killed for the purpose w’hen in a more or less advanced stage

of the disease, and no micro-organisms of any kind were found in any
preparations, other than those made from such regions as the olfactory

mucous membrane and various parts of the alimentary canal. Exami-
nation of preparations made from these particular regions levealed

what appeared to be the usual mixture of organisms, and no unusual
type was noticed, nor was any particular organism observed to pre-

dominate excessively in any region.
Preparations made from the ulcers that were occasionally to be

found in the abomasum showed four obviously different organisms,
two of which (a large bacillus and a yeast-like organism) appeared
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to he only scantily, if at all, represented in preparations made from
other regions.

(b

)

Attempts to cultivate micro-organisms from many different

organs and tissues were made, and in all cases from animals killed for

the purpose, the animals being chosen when in different stages of the

disease.

When the sick animals were killed at the laboratory the usual

procedure could be adopted, but before this became practicable it was
necessary to inoculate media at the affected farms, and, apart from
the difficulty of avoiding all contamination when working on the
“ veld ” (or, far worse still, in a “ kraal

”
or yard! it was found

impossible to transport all the equipment considered desirable. Con-
sequently in the earlier work performed on distant farms considerable

use was made of small sterile swabs, of which many could be carried

and from which a variety of media could be inoculated at the labora-

tory, and it was certainly less difficult hv this method to avoid

accidental contaminations.

The media utilized included broth (plain, glycerine, glucose, and
potato), agar (ordinary, glucose, glycerine, serum, and blood-agar),
ox serum (liquid, inspissated, with and without glycerine), egg-
medium and potato.

Most of the tubes and plafes were incubated under ordinary
aerobic conditions, and owing to pressure of other work and to lack

of convenient apparatus, little was done with anaerobic cultures,

although more or less anaerobic conditions were produced in a number
of instances by such methods as that of Smith and Tarozzi, and by
the use of glucose, shake-cultures, great depth of medium, and the

action of a supernatant layer of paraffin.

All tubes and plates remained sterile, after inoculation with
blood or eerebro-spinal fluid, or with material taken from such organs
as the brain, cord, liver, spleen, and kidneys, except in a minority of

cases in which obvious contamination had occurred.

As it appeared that one of the four (at least) different organisms
present in the ulcers in the abomasum might be of some importance,
steps were taken to isolate the various species present, but this task

was only commenced at a later stage of the investigation, and the

results obtained by other methods caused its abandonment before

separation had been effected.

(3) Examination for Macroscopic Parasites.

As has already been indicated, the presence of several different

helminths was recognized at post-mortem examinations, but these

parasites, with one possible exception, appeared here to have no
particular significance, partly because they belonged to common and
well -recognized species that have never been suspected of causing any
condition in the least resembling the subject of this inquiry, and partly

because they were not found on many of the affected farms, and when
observed on affected farms they appeared to be more or less commonly
present throughout the particular district.

The only helminth which attracted any notice was OesopJiago-
stomum radiatum, and at one stage of the inquiry the position seemed
to be

—

(a) tli at these worms were found post-mortem in every case of

this disease;
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(b) besides the occurrence of numerous nodules under the
mucosa, that very large, and sometimes really huge,
numbers of the worms were free in the lumen of the bowel,
particularly in the colon and caecum

;
and

(c) that in a large proportion of cases the intestinal mucosa
showed numerous perforations, caused by the escape of the
parasites from the nodules in the sub-mucous tissue, and
that the areas in which such perforations were found often

showed local haemorrhages and some evidence of local

inflammation.
It was felt that these worms merited some attention, although

the available literature lent no support to the suggestion that they
might be directly connected with the production of such a disease.

It appeared to be possible that they were actually of some importance,
however, either from the possibility of an abnormally heavy infesta-

tion revealing the existence of a toxine, the action of which was
masked when only small quantities were absorbed, or on account of

the opportunity afforded to some micro-organism to invade the animal
tissues through the numerous injuries to the intestinal mucosa.

Consequently a certain number of experiments were made. Large
numbers of the free parasites were obtained from the contents of the
ileum and large intestine by repeated washing and sedimentation, and
various extracts were made with saline solution, glycerine, alcohol,

etc. The inoculation of these extracts gave no definite results
;

in

one instance a yearling steer was noticeably affected as a result of the

inoculation of a strong extract made with normal saline solution, but
the symptoms were of an indefinite character, and the Janimal

recovered after a few hours of general malaise manifested by depres-
sion and dullness, with occasional fits of restlessness.

From the excreta of animals found to be heavily infested with
t hese worms, young larvae in large numbers were obtained by placing
quantities of faeces on the surface of earth contained in clean glass

jars, which \Tere covered with ground-glass plates. The method wyas

varied with respect to the nature of the soil used, the humidity, light,

and temperature, until good, vigorous cultures were obtained, inspec-

tion of the jars showing very large numbers of larvae ascending the

walls.

When no further development appeared to be occurring in these

larvae, attempts were made to infest young bovines with very large

numbers of them. In one instance a yearling animal received by the
mouth a suspension in normal saline solution of thousands of such
larvae, and in another instance a similar suspension of larvae was
poured over the surface 'of a folded compress, which was then applied
to a large shaved area of skin on the neck, covered with oiled silk and
a suspensory bandage of coarse calico, and left in position for eighteen
hours. In both cases no developments were noted.

Later observations showed that on certain farms it wras difficult

Or impossible to find any oesophogostomes in many of the affected

cattle, and this work was consequently suspended.
Of macroscopic parasites other than helminths, only certain ecto-

parasites (ticks and flying insects) were found or known to infest the

animals, and there seemed to be little chance of obtaining results in

this direction.

Both the peculiarly patchy distribution of many outbreaks and
the occurrence of the disease at practically all seasons of the year
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w'oidd be difficult to explain were the disease conveyed by the bite of

a tick, fly, or mosquito. Moreover, the majority of the affected cattle

had very few, if any, ticks on them owing to periodical dipping, and
the ticks that were found belonged to the commonest species, which

occurred in greater or smaller numbers on practically all the farms

in the districts concerned.

The fact (at first suspected and later proved) that the disease was
contracted only on damp “ vlei ” or swamp grazing certainly lent

some support to the theory of a parasitic origin of the disease, and it

appeared to be possible, although hardly at all probable, that some
aquatic animal such as a leech might play an important role.

(4) Botanical Investigations.

At the commencement of the inquiry it appeared to be desirable

that botanical surveys should be made of a number of affected farms,

and particularly of the more limited areas that could be associated

fairly definitely with the appearance of the disease.

As this was work I was nbt competent to attempt, I approached
Mr. A. O. I). Mogg, Plant Ecologist to the Division of Veterinary

Research, who readily undertook to make such surveys whenever
possible, and owing* to the fact that from the first the disease, what-
ever its cause, was believed probably to be connected with swam])
grazing, Mr. Mogg paid particular attention to swamps and vleis on

a number of affected farms, and also on farms believed not to be

affected.

In this way he collected a very considerable amount of detailed

information on the composition of vlei vegetation in the Natal mid-
lands, but it was very difficult to utilize this information as a base for

experimental work.
Even in connection with the flora of Britain and other European

countries, our knowledge of poisonous plants is still in a most un-
satisfactory stage.

A certain number of species are known definitely to be' poisonous,

and in a number of cases their effects have been determined in detail,

particularly, of course, in those cases in which the active principles

of the plant are recognized therapeutic agents.

On the other hand, reference to almost any work dealing with
poisonous plants shows that the majority of the species mentioned
have never been definitely shown to possess the properties of which
they are accused, and the evidence on which they have been associated
with cases of poisoning (or supposed pois'oning) appears often to have
been of the flimsiest character.

In many cases reference to this' absence of definite evidence is

made by the authors of such works. Thus, H. C. Long, in his recent
monograph (3), remarks :

—“ It is highly probable that under ordinary
conditions many of the plants commonly reputed to be poisonous are
really almost or quite harmless ... no line of demarcation can
be drawn to separate actually poisonous plants from those which are
suspected or are almost certainly quite harmless. ... In many
cases it is practically impossible to come to any conclusion as to the
degree of toxicity of a plant owing to the want of exact information.”

Brenchley (4) refers to the same question, and quotes Ewart
(“ The Weeds, Poison Plants, and Naturalized Aliens of Victoria,”
1909) as remarking that it is a common practice, when faced with
unexpected outbreaks of disease with any characters suggestive of

10
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poisoning', and in the absence of any known poison which can he
incriminated, to select one of the nearest plants as a scapegoat; in

this way the plant acquires the reputation of having certain poisonous
properties, and whenever cases of disease with similar symptoms
subsequently make their appearance, this plant is sought for, and
will very often be found somewhere in the vicinity.

It appears to be very probable that the ill-supported suspicions

directed towards a number of plants have arisen in this or in same
similar manner.

In view of the doubts and conflicting evidence encountered when
dealing with the flora of long-civilized and thickly populated Euro-
pean states, it is only to be expected that our knowledge of the South
African flora, from the toxicological point of view, should still be very
superficial and imperfect. A considerable amount of work has been
done by some investigators, and a number of both interesting and
important discoveries have been recorded, but the workers in this vast

field have so far been very few.

For these reasons, botanical surveys, as an aid to the investigation

of obscure pathological conditions, are liable to provide a very large

number of facts of unknown significance, and an embarrassing wealth
of possibilities.

In this particular case Mr. Mogg very naturally found many
plants that could be classed as suspected on account of their botanical

affinities with other plants known or alleged to have proved poisonous,
but the number of such plants was far foo large for direct feeding'

tests to be made of all.

Similarly, a list of the plants common to all the various affected

areas would have provided far too many species which, for divers

reasons, might be regarded as inviting suspicion.

It was not found possible to obtain any useful guidance by com-
paring the flora of the vleis on affected and unaffected farms, and
eliminating all common factors; subsequent work has shown that

this method, had it been pursued further, could only have led to the

drawing of erroneous conclusions.
For the reasons which have been stated, it was considered that

direct botanical investigations offered little hope of an early solution
to the problem, apart from the fact that there weie no grounds for

assuming that the disease was necessarily caused by the ingestion of

any particular plant.

In the absence of any definite indications, and while it was
attempted by the application of other methods to narrow the field of

inquiry, it was decided to make a few plant-feeding tests in the hope
that by good fortune the right plant (if such a plant existed! might
be included.

Accordingly, cattle were made to ingest considerable quantities

of several plants selected by Mr. Mogg with the aid of the scanty data
(from the toxicological point of view) at his disposal, but no positive

results were obtained.
Tests were also made of several plants indicated by farmers as

being the probable source of trouble, but again without success.

It may be stated here that on various occasions European farmers,

and also natives, pointed out plants which they considered to be

poisonous, but that in no case was Matricaria nigellaefolia considered
fo be other than a common and quite harmless weed.
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Ln addition to li is general botanical surveys, Mr. Mog’g' continued

to interest himself in the botanical aspect of this inquiry, and during

ihe course of my later experiments, which are described in the follow-

ing section, he kept under close observation some of the very limited

areas that were grazed by experimental cattle, and was able to obtain

a series of very interesting data relating to the readiness with which
various species of plants are eaten by cattle, and to the composition

of the diet selected by cattle from a given mixed vegetation.

The required answer to this particular problem was determined
quite independently of such methods, and before the results of their

application were available, but extended series of similar observations

should prove very useful and aid the elucidation of many problems
connected with cattle grazing over natural mixed vegetation.

B.—Indirect Methods.

In view oi the difficulty which was experienced in attempting to

obtain positive information by the application of more direct methods,
it was determined also to approach the problem in a different way
by endeavouring to ascertain the channel by which the cause of the

disease gained entrance to the animal body, and also by localizing

as narrowly as possible the area on which the disease was contracted.

(1) Experiments to Determine the Channel of Entrance.

Field Experiment 1 .—This work, which was commenced in

October, 1919, after the association of the disease with vleis had been
fairly definitely established, was carried out at St. Ives, in the very
large Lions River vlei to which several references have been made.

For this purpose thirty-five young cattle were taken by train

from an area free from the disease, muzzled (with ten exceptions) as

they were taken from the trucks into the enclosure at the railway
station, and driven to the St. Ives homestead.

The ten unmuzzled cattle were driven to the vlei paddock and
left there as free-grazing control animals, and the muzzles were
removed from the remaining1 twenty-five animals, which were then
allowed to graze in a hill paddock. From the beginning of November,
seventeen of these animals were caught in a kraal early each morning,
muzzled, and turned into the vlei paddock for the day; each evening
they were driven to the kraal, and after removal of the muzzles were
turned into a hill paddock to graze during the night.

The. muzzles did not interfere with drinking, but prevented
grazing almost, if not quite, completely; it was only very occasionally
that an animal was seen to succeed in securing a few stiff blades of

grass, or a few stalks or narrow leaves belonging to other plants,

which had passed through the. interstices of the fine metal meshwork,
and a metal plate was added to the muzzles to avoid even this minimal
amount of grazing.

It was hoped in this way to determine whether the disease was
acquired during, or in connection with, the process of grazing1

,
or

whether it was independent of this factor. Should the sequence of
events appear to indicate the advisability of such measures, it was
proposed to institute further muzzling experiments in which ihe
method was modified in various ways, such as by giving certain
muzzled animals an entirely different water-supply, and by the use
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of muzzles entirely preventing drinking and any possible contact of
the tongue (during licking movements) with soil and water; it was
also proposed to feed stabled animals on cut vlei vegetation.

By a variety of such methods it was hoped to establish whether
the cause of the disease was taken in with either the food or the
water, and whether it gained entrance by the mouth, the nose, or
some other channel. Experiments were also planned to test the
possible entrance of the causal organism or toxic substance through
the skin, whether through the unbroken skin or small wounds, or by
the aid of biting insects or ticks, or of such aquatic animals as

leeches, etc.

No results were obtained in the first muzzling experiment,
although eventually this and the similar methods above-mentioned
would doubtless have yielded positive information, had it been neces-

sary to pursue this line of inquiry further.

The muzzled animals were kept by day in the vlei for only a few
weeks, and on 1st December the experiment was abandoned, the results

obtained by other methods having rendered it unnecessary; the
animals were then allowed to run entirely in the hill paddock,
unmuzzled, and no cases of the disease developed amongst them.

The grazing control animals were, left in the vlei for some weeks
longer, and when removed on 24th December to a hill paddock they
had been grazing in the vlei for more than sixty days. One of the ten
animals had died within twenty-four hours of its arrival on the vlei

from acute tympanites due to an undetermined cause, but the other
nine animals had remained healthy, and they showed subsequently no
symptoms of the disease.

(2) Localization to Small Areas.

(a) Localization to “ Vleis ” or Swamps.

Field Experiment 11 .—An experiment designed to ascertain

whether the, disease is associated with ground subject to inundation,
as suggested by the history of the outbreaks at St. Ives, was instituted

at a farm on which a very severe outbreak had occurred during the
period November, 1918, to January, 1919. The history of this out-

break (in conjunction with that of outbreaks at St, Ives and elsewhere)

suggested that the disease in all cases had probably been contracted

in one particular paddock, a strip of ground enclosed on three sides

by ordinary wire fences, and of a shape approximating to that of a

long, narrow wedge. At the narrow end of the wedge the unfenced
boundary, of irregular outline, was formed by the bank of a stream
of water of sufficient size to prove an efficient barrier to cattle, under
ordinary conditions. The stream on this side was bordered by a belt

of marsh or stream-bank vegetation which varied considerably in

breadth and in character, owing to the fact that where it first met
the paddock the stream ran in a deep and narrow bed between almost
perpendicular banks, whereas towards the opposite side of the paddock
the bed was much wider, with very much lower banks. Succeeding
this belt of marsh vegetation, there was a strip of more or less flat

low-lying ground with vegetation differing from that of the actual

marsh, and also differing greatly from that of the higher ground.
This belt also varied very greatly in breadth. Finally the greater

part of the paddock, more than three-quarters of its area in size, was
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high ground covered with more scanty vegetation ot a different

character; in most places it rose, quite steeply from the mtermediate
belt, and then sloped more gradually upwards towards the, opposite

boundary (the thick end of the wedge).

A dividing fence, with a gate in it, was erected along the summit
of the first more or less abrupt ridge, so as to divide the “ camp
into an upper portion containing only hill grazing, and a small lower

portion with the two belts of vlei vegetation and a very small amount
ot hill grazing. It was not practicable to make the division absolute,

partly on account of the broken contour of the ground and also par-

ticularly on account of the presence of transitional zones between the

various belts.

On 7th June, 1019, eighteen cattle were taken by train from a

“ clean ” area to a station close to the farm concerned, and driven

quickly to the homestead, no opportunities of grazing along the road

being allowed. They were then divided into three lots of six animals,

and the three groups were distinguished by the application of special

bra nds.
It. was arranged that one set of six animals should remain con-

tinuously in the hill division, another set of animals in the vlei

portion, and that the third group should graze in hill and vlei camps
on alternate days, being transferred daily through the connecting gate.

Owing to the distance of the farm from Pietermaritzburg I was
able to inspect the animals only at rather long intervals, and I had
to rely on the owner to carry out my instructions and to notify me
at once of any developments requiring my presence.

On account of the abnormally dry season that followed, the

experiment was somewhat complicated by the fact that after a time
the animals, particularly in the small vlei camp, were unable to

obtain a reasonable maintenance diet, and they were losing condition
rapidly. As a matter of fact this circumstance was really favourable
towards the end in view, and represented an unusually extreme degree,

of the conditions which most commonly lead to t lie appearance of the

disease; moreover, the position could have been met by giving the

animals rations of artificial foodstuffs, sufficient to prevent actual
starvation but not so liberal as to discourage close grazing.

Unfortunately, the owner of the farm, without awaiting my
instructions or advice, decided to remove the cattle and to “ burn the
veld ” in the. paddock, in order to provide early spring vegetation for

the resumption of the test, which he believed to have failed under
those conditions.

This was done on 11th August, and on the following day two of

the cattle were found to 1 e showing early symptoms of the disease.

On 13th August, having then been notified of the course of events,

I visited the farm and confirmed the diagnosis in the two reported
cases, but the general position was very unsatisfactory; the cattle had
been transferred to^ a large paddock that was bordered by the same
stream, and although the cultivation of crops had here reduced the vlei

grazing to a very small area, the presence of the latter could not be
ignored. The two affected animals were shortly afterwards sent by
train to the laboratory, but the other cattle had to be left under
these unsatisfactory conditions until 22nd August, when they were
moved about seven miles to a farm known to be quite free from the
disease.
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The, course of events, as regards ibe incidence of the disease, may
be summarized thus:—

(«)‘Of the six animals grazing in the vlei, two died from the
disease, three were distinctly affected and recovered, and
one was very slightly affeeted for a few days.

(6) Of the six animals with access to both paddocks, one died
from the disease, two suffered from very mild attacks and
recovered, and three were not affected.

(c) Amongst the six animals grazing in the hill paddock no
cases occurred.

With respect to the dates on which symptoms were first noted :
—

(1) Two cases developed on 12th August, one day after removal
from the experimental paddock.

(2) Three further cases had developed by 22nd August, the day
on which the animals were removed to a “

clean ” area,

and eleven days after leaving the experimental camp.
(3) Four cases developed subsequent to arrival on the “ clean

”

area
;
two of them on 25th August, three days after their

arrival, and fourteen days after removal from the original
camp.

From these facts it appeared to be almost certain that the disease
had been contracted only in the vlei portion of the experimental
paddock, and that no cases could be attributed to anything acquired
during the sojourn in the second (partly cultivated) paddock, although
the animals while there had had access to both kinds of natural
grazing, as well as to stubble on the “ lands.” The times at which
cases developed showed that the first symptoms might appear at

least three days after removal to a clean area, and, if the assumption
that no cases were contracted in the second paddock were admitted
to be justifiable and almost certainly correct, then with the same
degree of probability it could be assumed that the period of incubation
might be as long as fourteen days. Owing to the unfortunate cir-

cumstances attending its termination, the, experiment was robbed
of some of its value, and the deductions which appeared to be per-

missible had to be stated with additional reservations that otherwise
would have been unnecessary. On the other hand, these deductions
(viz., that the disease is contracted only on vleis, and that ’.here is an
incubation period, probably of several w'eeks) explained many of the

features associated with the, natural outbreaks of the past, and they
urere not in conflict with any known facts.

During August and September, 1919, further evidence from
natural outbreaks became available, and some of it (see reference to

one such case on page 126) was of such a striking character that it

was felt that one was justified in assuming provisionally these points

to be definitely proved, and in using them as a basis for fhe planning
and interpretation of further field work.

I decided therefore to attempt to localize the disease far more
narrowly, and to endeavour to obtain cases amongst animals tethered

in a vlei : this method proved to be very useful, and it furnished

evidence that led rapidly to a solution of the problem.
(b) Localization by the Method of Tetherincj

.

Field Experiment 111 .—The first tethering experiment was
carried out on the large Lions River vlei at St. Ives. On 6th Sep-
tember, 1919, six young cattle from the Allerton Laboratory were
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sent by tujn to a station close to the farm, and on the following' day
they were nw,tZled (while still in the railway truck), and then driven
to the vlei.

The animals w%re then secured by ropes to stoat iron pegs about
two feet in length, tve , pegs being driven firmly into the ground.
The ropes had a length *.f rather more than thirty feet, and in all

instances they were attached the horns, but in a few cases it was
afterwards found necessary to seo»-e them to a collar.

In this way an animal was l’orcei to graze down a circular area
with a radius of from twenty-eight to twenty-nine feet, and when it

became necessary the peg was moved so as m allow another circular
area to be grazed, the untouched spaces between the successive areas
grazed by one animal having generally a minimuia breadth of only
a few feet.

Special emphasis was laid on the necessity for the very close

grazing of each patch, and no animal was moved until ii; w&s quite
evident that, a longer stay on that spot would involve suffering and
excessive loss of condition without any appreciable gain with respect

to close grazing.

With one exception the sites first chosen were all situated within
the zones of distinctly water-loving vegetation, but they -were so

selected as to give the greatest possible variety of grazing within those

zones. At the time of 1 lie initial ion of the experiment, these five

sites all permitted the animals to have access to stagnant vlei water
and its particular type of vegetation (which was, however, far from
being identical in composition and in stage or amount of growth in

all the different cases), and also to higher and drier ground. In the

sixth case the animal was tethered close to the Lions River, but the
bank was rather high and steep at that point, and the grazing area
might he described as “ drained vlei ” that was subject occasionally
to flooding, and which showed some signs of previous ploughing and
cultivation; in this case the animal from the first had to be, watered
from the river by means of a bucket.

Owing to the distance from the laboratory I could not exercise
constant supervision, and apart from fairly frequent visits of

inspection, I was compelled to rely on t lie owner of the farm to see

that the plan was carried out in detail, and to notify me of any
sudden developments. The owner, Mr. W. Gr. Raw, took a most
active and sympathetic interest in the experiment

;
in my absence he

decided in most cases when it was necessary to move an animal, and
he superintended all such movements and kept the necessary records.

The experiment was most excellently carried out, and in par-

ticular the ruthless enforcement of the closest possible grazing, on
the importance of which I had insisted, was so well observed that the
grazed circular patches were most clearly demarcated for many weeks,
and even months, after grazing on them had been discontinued.

The details of the animals, and of the selected sites, are as

fol lows :
—

Animal A.—No. 114, dun cow. On grass-land with access to temp-
porary swamp, which later dried up, necessitating
watering with a bucket.

,, B.—No. 139, black cow. Started close to' A, but was moved
gradually in the opposite direction, and later had access
to permanent swamp with tall reeds.
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Animal C.—No. 154, red heifer. On the border of a pemianent reed

swamp from the first.

,, D.—No. 195, black yearling 0x. On draped vlei, receiving

river water from a bucket.

,, E.—No. 191, dun heifer. On the border of a small swamp,
with less coarse type of ^ed vegetation (at the com-

mencement). Moved «A>ng it towards the river bank.

,, E.—No. 1G6, red bull. Started close to E and was moved in

the opposite Erection
;

later it was on natural vlei,

partially d reline(i, and liad to be watered from a bucket.

The sequence ot events proved to be more favourable than had
been expected, fo* of the six tethered animals only one contracted the

disease under <he conditions described.

On 1st November animal 1) showed the first signs of general

malaise, and pushing disease ” could be definitely diagnosed on the

following day. On 3rd November the animal was wandering restlessly

and erratically, it was inclined to stumble, and it showed some ten-

dency to push against obstacles ; it was killed on that day, particularly

for examination for micro-organisms and helminths.
When the first symptoms of the disease were shown, animal D

had been in the vlei for 55 days, and during this period it had been
tethered on seven different areas (which in subsequent references are

designated areas D1 to D7).
The further course of this experiment may he stated briefly.

Animals B, C, and E were removed entirely from their original

areas on 13th November (i.e. eleven days after D had developed the
disease), and (heir subsequent history is described in connection with
Experiment III A. Animals A and E were kept on their original

grazing grounds, being moved when necessary in the, directions

originally intended, until 23rd December, i.e. for a total period of

107 days, and for 51 days after D had developed characteristic

symptoms of the disease. On this date the animals, which appeared
to be in normal health, were removed to a hill-paddock, and they
subsequently remained perfectly healthy.

Experiment III A.—On 13th November, eleven days after animal
1) had developed definite symptoms, it was arranged to inquire

further into the distribution of the causal agent, whatever its nature,

by tethering a few cattle around the grazing areas of D, and at a short

distance from them. Accordingly, animals B and C were taken from
their previous grazing zones and tethered about twenty yards from
the position of D, one on each side, while animal E was tethered on
the river bank a little beyond the new position of C.

This brought these animals into the zone of the plant to which
particular reference is made in discussing Experiment III C, and after

the results obtained in that experiment, some seventeen days later,

the new sites for the tethering pegs were deliberately chosen so as to

induce the maximum amount of grazing on that plant. Both C and E
had become “ infected.” however, before this special precaution was
taken.

On 13th December, thirty days after the rearrangement of

grazing areas, C was observed to be showing early signs of the
disease, and two days later the symptoms were quite characteristic;

the animal was slaughtered on 22nd December, when in a state of

deep coma.
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On 19th December, thirty-six days after being placed on the new
area, animal E displayed signs of uneasiness and difficulty in

drinking, and on tbe following day pronounced quivering of the eais

was seen. Later, the animal showed most of the common symptoms
of the disease, and thrust violently against posts with the head; it

was destroyed in an advanced stage of the condition on 29th December.
Animal B was kept in this danger zone until 23rd December,

i.e. for forty days, and was then moved to a hill-paddock; at no time
was it seen to exhibit any signs of ill-health, and it remained per-

fectly normal while under observation subsequently for several

months. No further work was based on the result of this experiment
on account of the definite, decision already obtained by Experiment
111 C, but tli e facts in connection with the contraction of the disease

by 0 and E, and particularly the periods of time involved, were
perfectly in accord with the deductions based on the results of

Experiments III B and III C.

Experiment 111 B .—The object of this test was, by having the

various circular grazing areas of animal I) fed down by as many
separate animals, to ascertain whether the disease was connected par-

ticularly with some factor presenl on only one or two of those areas,

or with something distributed more or less equally among them.
It was quite possible, of course, that a purely negative result

would be obtained, and such a result would have pointed most
probably to the merely temporary (or possibly cyclical) presence of

the causal factor at the time when D had become affected.

As areas DG and D7 had been grazed only during the twelve days
preceding the appearance of symptoms in animal 1), and as there were
grounds for assuming the occurrence of an incubation period of

several weeks, it was decided to ignore those two areas, at least tem-
porarily. Accordingly, five yearling bovines, from the herd of

negative controls, were caught in the hill paddock, muzzle 1, and led

to the vlei. One animal was then tethered on each of the areas D1
to D5, and the muzzles were removed.

On this occasion I arranged for close grazing to be particularly

rigorously enforced, partly because the amount of “ infection ” on
any one area might be minimal, and partly because some rain had then
fallen and the veld was rapidly improving, although the grazed
patches were still very obviously demarcated from the adjacent un-
grazed area.

Each animal was kept on its area as long as was possible without
needless prolongation beyond the stage at which it was possible to

feel certain that it had been forced to feed down closely all the con-
stituents of the vegetation which it could ever reasonably be expected
to consume under the most unfavourable natural conditions. It was
then muzzled, led to tbe hill paddock, and allowed ro graze freely day
and night.

The results in brief were as follows:—
Animal No. 2G5, tethered on D1 for 20 days, remained healthy.

Animal No. 247, tethered on 1)2 for 10 days, remained healthy.

Animal No. 240, tethered on D3 for 20 days, showed early symp-
toms 22 days after its removal from D3, and was killed 20 days later

after a very characteristic attack.

Animal No. 268, tethered on D4 for 10 days, remained healthy.
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Animal No. 271, tethered on D5 for 18 days, early symptoms 18
days alter removal from D5

;
soon developed into a typical violent

case, and had to be destroyed after a course of 10 days.
Ihe results of this experiment would have provided a certain clue

to the solution of t lie problem, had not the solution itself been
attained some weeks earlier through the performance of Experiment
III C, in which an attempted “

short cut ” led to early success. In
any case they' abundantly confirmed the observations on which Experi-
ment III C had been based, and the results obtained by its per-
formance.

The only outstanding difference between areas D3 and D5, on
the one hand, and areas 1)1, 1)2, and 1)4, on the other, was related to

the distribution of one particular plant.

That plant (Matricaria nigellaefolia) was very abundant on D3
and 1)5

;
relatively scarce on 1)2; still more so on 1)1; and represented

on 1)4 only by one tuft.

Experiment 111 C.—After the systematic attempts to limit further
the area of “ infection ” had been decided upon, but before the experi-
ments (III A and III 13) could be actually instituted, it was felt that

additional experiments, which might possibly yield valuable informa-
tion very quickly, might be based on the assumption that there is a
period of incubation of approximately four weeks. The grounds for

such an assumption have been mentioned in discussing Experiment II,

and the period of four weeks was particularly indicated by some of

the reported facts in connection with natural outbreaks.
Reference to the records of animal I) (Experiment III) showed

the following position:—
Animal 1) was on Area 1)1 for 9 days, i.e. from 55th to 46th day

before early symptoms appeared.

,, ,, ,, D2 for 11 days, i.e. from 46th to 35th day
before early symptoms appeared.

,, ,, ,, D3 for 11 days, i.e. from 35th to 24th day
before early symptoms appeared.

,, ,, ,, 1)4 for 6 days, i.e. from 24th to 18th day
before early symptoms appeared.

,, ,, ,, 1)5 for 6 days, i.e. from 18th to 12th day
before early symptoms appeared.

„ ,, D6 for 8 days. i.e. from 12th to 4th day
before early symptoms appeared.

„ ,, ,, 1)7 for 4 days, i.e. during the last 4 days
before early symptoms appeared.

The above-mentioned assumption would indicate that animal I)

had most probably contracted the disease while grazing on the area

1)3, and that by taking the areas D2, D3, and 1)4 into consideration

one should be making sufficient allowance for any probable variations

in individual cases.

It was therefore decided to examine the areas closely and to

attempt to observe some difference between area 1)3 on the one hand
(as a positive area) and areas 1)1 and 1)2 on the other hand (as nega-

tive areas), and also between areas 1)2, D3, and 1)4 (positive) and
area D1 (negative). In both cases areas 1)5 to 1)7 were provisionally

eliminated from consideration as having been too recently grazed.

Further negative controls were furnished by the first three, four,

or five areas (according to the dates of movement) of animals A, B, C,

E, and F, which appeared to be perfectly healthy.
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When the areas DL to D4 were examined from this point of view
it appeared that, apart from any differences in the composition of the

vegetation, there were no other factors which could be expected to

vary, and that unless the cause of the disease was necessarily connected
with some particular species of plant, its occurrence on only one or

two of the areas was most probably quite accidental, and might be

only temporary.
With respect to the vegetation on the four areas, the mixture of

species present appeared to be practically identical in all four cases,

at least to the eye of one who was not a botanist, but there was one
very striking quantitative difference that could hardly fail to attract

attention.

A considerable proportion of the area of D3 was occupied by a

luxuriantly growing plant with an exceedingly strong and fragrant
odour, and this plant had obviously been well grazed down. Inspec-

tion of the four areas revealed differences in the distribution of the

plant which are expressed very roughly in my field notes in the
following* terms:—

1)1 “ only a few tufts seen ”
: 1)2 “ rather more than in D1 ”

;

1)3 “ very much ”
; D4 “ only one large tuft seen.”

Inspection of all the earlier grazing areas of animals A, B, C, E,
and F failed to reveal any of this plant at all (although subsequently
further search revealed the presence on one area, A2, of two small
tufts that appeared to have teen left untouched).

On this evidence it was decided at once to institute a feeding test

with this plant, of which 1 then knew nothing, apart from its distri-

bution in certain areas as recorded above. As it was not yet in flower

I was not even aware that it belonged to the Compositae, but I was
informed of this fact by Mr. Mogg shortly afterwards, and later

flowering specimens were identified for me by the Division of Botany
at Pretoria as Matricaria nigellaefolia, D.C.

The feeding test was commenced on 4tli November, when two
yearling bulls, numbered 238 and 243 respectively, were selected from
the herd in the hill-paddock, brought down to the homestead, and
confined together in a loose box. Here they received daily an un-
weighed quantity of freshly-cut Matricaria nigellaefolia from the
vlei, supplemented by the requisite quantity of grass freshly cut in

a small home-paddock, which was high and well drained and known
to be free from “infection.”

The daily ration of Matricaria was approximately 10 lb. for the
two animals, and of this quantity No. 243 undoubtedly consumed
considerably more than half, being very much stronger and heavier
than ]No. 238; and of a veiy aggressive temperament. No. 238,

although it appeared to be quite healthy, was a shy and nervous
animal.

This feeding was. continued until 14tli November, i.e. for ten

days, and the two animals were then turned out to graze again in the
same hill-paddock; while developments were awaited, they were kept
under daily supervision. On 25th November, when inspecting all the
experimental cattle and watching them passing* through the dip, I

particularly noted that both of these animals had improved n general
condition, and that they were very active. No. 238 gave some trouble

on account of its activity and timidity. No. 243 attempted to escape
the dip by displays both of activity and of a stubborn refusal to move,
but finally, with a preliminary gallop, it took the plunge with such
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force that it leaped over, and a considerable distance beyond, the
immediately preceding animal.

The strength and activity displayed by this animal, on which
several who were present commented, are of considerable interest in
view of' the fact that on 29th November, only four days later, it was
noted by Mr. Raw to be showing vague signs of ill-health, and on
60th November typical symptoms developed, the disease being then
definitely diagnosed by Mr. Raw and by my field assistant, Mr.
Milliken. I was unable to visit the farm until the following day
(1st December), and although earlier in the morning the animal had
been “pushing” violently, and had turned several somersaults, by
the time that I was able to inspect the case it was unable to stand,
and was rapidly becoming comatose.

The pupils were strongly contracted
;

the animal ignored its

surroundings and all milder stimuli, but by means of a sharp blow,
or somewhat deep stabbing with a needle, it was possible to elicit

movements which revealed lack of co-ordination rather than weakness
or paresis. The animal was destroyed forthwith.

On the same day animal No. 238 was found to be grinding the
teeth excessively, and salivation was noticeable; the animal was un-
doubtedly less timid and nervous than previously, but it was active

when driven and showed no change in gait.

Two days later it was seen to be wandering restlessly throughout
the greater part of the day; the gait appeared clumsy and languid,

and there were signs of impaired vision

The case rapidly developed further symptoms of inco-ordination

of muscles, and later the animal repeatedly displayed the “ pushing ”

symptom; it was ultimately destroyed on 13th December, when
comatose.

In both cases post-mortem examinations revealed the presence of

the usual macroscopic features observed in natural cases of the

disease.

The disease appeared therefore in both of the animals that had
been fed on the scented plant, and in No. 238 the duration of the
disease, and the type of symptoms shown, were such as are very com-
monly seen in natural cases; in No. 243 a number of very charac-

teristic symptoms were noted, but the course of the disease was quite

exceptionally acute.

In the two cases the first symptoms were observed respectively

twenty-five and twenty-seven days after the commencement of the

special feeding, and fifteen and seventeen days after its suspension.

It should be added that there was no reason to suppose that the

disease might have been contracted in the hill-paddock either before

or after the period of special stable feeding. In addition to the long
negative history furnished by the owner, and the other facts in this

connection that have already been recorded, there was the fact (hat

throughout the period of these experiments the hill-paddocks were
grazed with impunity by twenty-two experimental animals of the

same age, type, and origin as the two concerned, and a very much
larger herd of cattle, belonging to the owner of the farm, was also

grazing there, and furnished additional negative controls.

Field Experiment IV .—A second tethering experiment, similar

to that performed in Experiment III, was commenced on 16th October
in the very small vlei sub-division described in connection with

Experiment II.
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Six animals were tethered, and two loose controls were allowed to

run freely over the vlei area. These animals had all been used in

carrying* out Experiment II, but they had shown no signs at all of

the disease, and they had subsequently been kept for two months on
an area known to be “ clean.”

No cases of the disease developed. After the role played by
Matricaria nigellaefolia had been ascertained elsewhere, a close in-

spection of the various grazing areas in this vlei was made. It was
found that all the tethered animals had had access to at least a small
quantity of Matricaria, and that in two cases the quantity was con-
siderable, and appeared to be quite sufficient to produce the intoxica-

tion. Arrangements were then made to move several of the animals
on to patches specially rich in the plant, but in spite of this step no
eases occurred, although the experiment was carried on until 16th
January, 1920, i.e. for three months.

Owing 1o the distance of the farm from the laboratory I was able

to inspect the paddock only rather infrequently, and the failure of

these animals to contract the disease may, in my opinion, be attri-

buted to a fact that was quite obvious throughout the course of the

experiment, viz., that the animals were not kept sufficiently long on
one area and compelled to graze down the less attractive plants. On
most of the patches examined, the tufts of Matricaria showed few or

no signs of having been bitten off at any time, and in no case had
they been at all extensively fed down, as was the case at St. Ives

(Experiment III).

The information yielded by this experiment, although it had not

gone according to plan, was not without value as supporting evidence
on the negative side.

When Experiment III C had given such definite results, which
shortly afterwards were supported very fully by those obtained in

Experiments III A and III B, it was decided to conduct all future
work at the Allerton Laboratory, near Pietermaritzburg. Confirma-
tion of the feeding test ((III C) by another carried out in a

“
clean

”

area was clearly desirable, and there were, of course, many aspects
of the problem on which further definite information was required.

While arranging to conduct these experiments, however, it was
thought desirable to visit as many as possible of the known affected

farms in order to examine the distribution of Matricaria on ihem,
and to consider this in relation to the history of the recorded out-

breaks. Matricaria nigellaefolia was found easily enough on all of

the affected farms that could be visited, and no facts were observed
or communicated which were in any way inconsistent with the sugges-
tion that the disease was due to the ingestion (probably long con-

tinued) of the plant.

Speciments of the plant were sent or exhibited to many owners
of affected farms that I was unable to visit personally, and also to

several Government veterinary officers in affected districts.

In only one case was it reported to me that there was any
difficulty in finding the plant on an affected farm, on which, however,
there had been no cases for months previous to this search.

I believe that it would be wrong to attribute much importance to

this isolated instance, for the following reasons:—
(a) The farm in question is situated in Dundee District, far from

the area in which I was working, and in which all the serious out-
breaks occurred.
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It is not certain that the disease which occurred there was
identical with the one investigated, although I believe that it was
most probably the same condition.

(b ) A considerable quantity of the plant may be concealed in
mid-summer by the vigorous growth of other and taller vegetation

;

moreover, the area over which the plant occurs is subject to constant
fluctuations (related to the humidity of the soil).

1 have on occasions found it very difficult to discover Matricaria
in places in which I had myself noticed an abundance of it only a

few months earlier.

On the other hand, there was no doubt at all that the plant
occurred, in some instances abundantly, on many farms on which the
disease had never been known to appear. The explanation of this

fact might be found in variations in The conditions under which the
cattle lived, with consequent differences in the degree to which they
were induced to consume Matricaria, or in differences in constitution
existing between the specimens of the plant found in various situa-

tions, whether arising directly from alterations in the environment,
from the occurrence of two or more varieties of the species, or from
the presence in some instances of a parasitic organism, either in or on
the plant.

The facts observed in connection with natural outbreaks of the
disease, and those relating to the cases that were experimeutally
produced, did not suggest the presence in the plant tissues of any
parasitic invader; it was obvious that if any such parasite existed,

and accounted for the pathogenic effects traced to the ingestion of

Matricaria, it did not give rise to any noticeable macroscopic changes
in the plant, nor did it interfere with the vigorous growdh of the
latter.

All the ascertained facts suggested strongly that the conditions
under which the animals lived were chiefly fo be held responsible, and
that whereas in some cases the animals on an unaffected farm had no
opportunity of eating Matricaria (in spite of its presence elsewhere
on file farm), in most instances the important point was that there

was no inducement or compulsion for them to do so.

Some other points in this connection are mentioned later, tut it

is well to give one illustration in greater detail, more especially as in

this particular case the validity of the experimental work at Allerton
Laboratory is affected to some extent.

Shortly after attention had been attracted to Matricaria by the

results obtained in field experiments at St. Ives, a very considerable
amount of the plant wras found to be growing in the grounds attached
to the laboratory, although no spontaneous case of the disease had
ever been observed there: certainly none occurred during the period

(July, 1918, to March, 1920) of my stay at Allerton.

The land attached to the laboratory is in two entirely separate
portions, divided by a privately owned property and a public road,

The smaller division, on which the laboratory, most of the stabling,

and the experimental pens stand, includes also the three small pad-

docks utilized for experimental cattle in the “ incubation ” stage

(see page 172) ; this division was repeatedly searched, and on no
occasion was any Matricaria found.

The larger division was never grazed by the cattle in experiment,
but there were always many other cattle grazing on it. It is suit-

divided by many cross-fences into a considerable number of small
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paddocks, and all of these were examined for the presence of the

plant. The distribution of Matricaria in this larger division was

found to be as follows:—
(1) In some of the small paddocks a few scattered plants in

places that in wet seasons would be boggy, and form very small vleis.

(2) Occasional small tufts on the banks of a spring or stream of

fair size; owing to the fences and to the nature of the banks, few of

these tufts were at all likely to be eaten by cattle.

(3) The only considerable supply of the plant was found in one

small paddock, to which no laboratory cattle were allowed access

(owing to the fact that it had been entered by cattle from a neigh-

bouring property that was infected with East Coast fever).

In this place there was a vigorous growth of Matricaria over a

considerable area that in normal yeai’s was covered by water, and
formed a lai’ge pond. This paddock was used as a soixrce for the

supply of the plant given in a number of the feeding tests mentioned
in Section IV of this paper (the plant being the

“ type species ”).

During the period of my stay at Allerton, and while these inves-

tigations were being conducted, 1 do not believe that any laboratory

animal had access to a sufficient amount of the plant to cause the

intoxication, but it is probable that this has not always been the case

in past year's, during a cycle of heavier rainfall, and that the occur-

rence of cases has been prevented more especially by the relatively

small number of cattle carried by an area with an abundance of fairly

good grazing.

On the other hand, I see no reason why spontaneous cases should
not arise there in the future, given a certaiix combination of circum-
stances.

It is quite certain, however, that in no instance was any
Matricaria at all eaten by the experimental cattle, other than the

amount furnished to them in the course of the experiments, for

throughout the whole period all cattle undergoing feeding tests, or

under observation subsequent to sycli tests, wei’e kept in the smaller
division.

It is of interest to note that after Crotalaria dura had beexx shown
to be responsible for the equine disease jagziekte,(6) in a distant area,

that plant also was found to be abundant around Allerton, although
the disease had never been known to occur there spontaneously.

III.—Matricaria nitjeUacfolia and its Distribution in the Natal
Midlands.

It is intended hei*e to deal briefly with a subject that is essentially

one for the botanist and ecologist, but of which a certain superficial

knowledge is necessary for the comprehension of many facts relating
to the distribution of the disease, and the conditions governing its

appearance.
Matricaria ni(jeUaefnlia D.C. belongs to the family Compositae,

tribe Anthemidiae, sub-tribe Chrysanthemidinae.
Small single plants, scattered amongst other vegetation, are

occasionally seen, but more commonly the species occurs in the form
of tufts, composed of several individual plants, or even of what may
be termed large patches, and nut rarely it covers areas of many square
yards, almost to the entire exclusion of all other plants.

When growing under favourable conditions the plant has a
’

decumbent stem, froth which a number of erect branches spring, but
’

' v 1
•

, ' n o j
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in young plants, or in older but stunted plants growing under less

favourable conditions, only a single more or less erect stem may be
seen. In a healthy plant the stem and leaves are green in colour;

the leaves are much divided

.

Matricaria nigellcefolia, D.C.

The flowers have a yellow or yellowish-brown central disc and
comparatively very small white rays, which are also few in number
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and often lost at a fairly early stage, so that many flowers are seen

with only one or two, or even no, rays.

The roots appear to he strong and widely branching’, and to pene-

trate to a considerable depth.

This Matricaria
, whether in flower or not, has a bitter taste and

a very strong, rather agreeable and characteristic odour that may be
cpiite noticeable to one merely walking through a patch of the plants.

In the Lions River District, the maximum height attained by
the plant was found to differ in various situations; where the plant
was obviously not flourishing, the height was often only a few inches,

but in most situations it was generally between six and eight inches,

and on the bank of the river some plants attained a height of more
than one foot.

The Matricaria found in the neighbourhood of Pietermaritzburg
was a much larger plant in every respect; the plants were much taller

and coarser, with thicker stems, broader leaves, and very much larger

flowers. The vegetative parts were of a darker green in colour, but
the odour was the same (although perhaps not so strong).

Mr. A. 0. D. Mogg identified the larger form (from Allerton,

Pietermaritzburg) as the type species of' Matricaria nigellaefolia D.C.,
and the smaller (Lions River) form as the “ variety 13. tcnuior D.C.”

Both forms of the plant were found only in certain types of

situations, and their distribution was very obviously dependent on
that of water.

In those instances in which the plant was seen actually to be
submerged, or half submerged, it was evident that the water-level

had risen subsequent to* its growth in that situation, and the sub-
mersion soon caused the appearance of obvious degenerative changes.

On the other hand, the plant was never seen to be flourishing in

what might be termed a dry situation, and although a few very
stunted and unhealthy looking* plants were found on occasions in soil

that was very dry, the situations were such that the soil would
manifestly be particularly affected by any considerable fall of rain.

The presence of a few stunted plants of this species was par-

ticularly noted during a dry season on the higher levels of rather
steep banks of rivers and streams

;
and also on hillsides, along

the coui’se of water-channels that were then dry, and especially in

the wider expansions of such channels or on the more level areas fed
1 > 3

^ them, which, after rain had fallen, would again become small
“ vleis.”

It was only in soil that was distinctly damp (although not sub-

merged) that the plant was seen to flourish, and it appeared to be
thriving best, and was found in largest amount, ii. two particular
situations :

—
(a) In mud in the process of drying up, after the receding of water

from a previously submerged area. Ditches and drainage channels,
subject to occasional flooding, were evidently very favourable situa-

tions, and what was in normal years a pond or
“ pan ” was seen,

after a prolonged period of dry weather, to be an area of drying and
cracking mud richly covered by a thick tangled growth of Matricaria
nigellaefolia. For a time this plant was sometimes present in such
a situation almost to the complete exclusion of other plants, but later,

as the desiccation progressed, the predominance of Matricaria
declined.



170

(b) On ploughed land, where the humidity was sufficient. The
plant was sometimes found in great abundance on land that had been
ploughed earlier in the same season, although it was only scantily
represented in the undisturbed vegetation surrounding the ploughed
ai'ea, even in places that were lower-lying and naturally more humid
than any portion of that ploughed area.

Indeed, Mr. J. L. Webb informed me that on one farm, on
which a bad outbreak of the disease had appeared amongst a herd of

cattle grazing in a large sdei, he had difficulty in finding the plant
at all in the unploughed areas, although it was abundantly present
on the cultivated “ lands " (to which the cattle had free access).

From the observations made it appears that the plant is a very
early and energetic colonist of bare, places, if they are sufficiently

damp, but that it is later unable to compete successfully with a
number of other species unless the soil is very humid. It is perhaps
of interest to note here, that two species of Matricaria represented in

Great Britain (M. inodora or mayweed, and M. chamomilla, white
or German chamomile), although they have not the same requirements
with respect to moisture as .1/. nigellaefolia, are also colonists of hare
places, and are recognized weeds of arable land.

Brench ley (4) mentions the colonization of bare places around
gates by mayweed, and quotes the report of Hil‘1 (.1917, Kew Bulletin,
Miscellaneous Information, Aros. 9 and 10) to the effect that in places
a few acres of white chamomile were to be seen in 1917 on the Somme
battlefield.

With respect to the mode of dispersal of M. nigellaefolia, there
was much to suggest that the seed is spread by the agency of water,
and the majority of the fanners who> wished to eradicate the plant,

as a result of these investigations, assumed that carriage by water
was at least the common method.

It is recognized, of course, that the occurrence of the plant on
the banks of rivers and streams, and on frequently flooded ground,
does not prove this to be so, as these places may only represent the
situations in which the seeds, dispersed by other means, encounter
the particular conditions necessary for germination and growth.

Small (5) writing in 1919 remarks, in connection with the dis-

persal of fruits by rivers and ocean currents, that “
. . no case

of such dispersal in the Compositae is quoted. . . . The latest

addition to the meagre list of water-dispersed Compositae is Ambrosia
crithmifolia which is given by Guppy as transported on drifting

logs.” He is referring here, however, to dispersal to great

distances, and until there is experimental evidence bearing on
the point, there seems a priori to be no reason to exclude the possi-

bility that water plays an important role in the local dispersal of

M. nigellaefolia, or its dispersal over comparatively short distances.

In view of the behaviour after heavy rains of the streams concerned,

their turbulence and rapidity of flow, and the sudden and compara-
tively very great variations in the level of the water, and having
regard to the extensive flooding of vleis which then commonly occurs,

it would appear to he very probable that much seed is carried in this

manner.
Dispersal by wind probably occurs to some extent, at least, and

it may play an important part, although it is presumed that in this

Matricaria, as in other species of the genus and in Anthemidiae
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generally, the mechanism especially favouring this process, the

pappus, is almost absent.

There is no* evidence bearing- on the question of dispersal by
animals '(and particularly by domesticated mammals and wild birds)

as far as this species is concerned, but the observations [quoted by
Brenchley (4)] that have been made by Hansen with Matricaria

chamoruilla, and by Petersen with M. inodora, on the fate of seeds

ingested by bovines, as well as the many observations on the carrying

of seeds on the feet, or in hair or feathers, suggest that this possibility

cannot be ignored.

Tlie plant has no well-known and commonly recognized name
amongst the' Europeans in Natal, as far as 1 have been able to ascer-

tain, but I was informed by the Hon. AY . Deane that the children

in his district knew it as
“ wormwood,” on account of its bitter taste.

The natives in different districts term it “ Msolo ” and “ Mhlon-
zan,” and it appears to be very well-known to them, and io be used

very extensively for medicinal purposes: its applications, as reported

by different natives, are very wide, and include external use as a

wound poultice, and internal administration (of an infusion) as a

remedy for gonorrhoea, colds, etc.

IV.—Further Investigation of the Intoxication Produced by
M. nigellaefolia.

A.—Experiments with Cuttle.

T'hei experiments to be described were all conducted at the

Allerton Laboratory, Pietermaritzburg, and the precautions that were
taken to avoid errors arising from the choice of naturally affected

animals, or the. feeding of harmful agents along with the supple-

mentary rations, have already been mentioned. (See page 149.)

The procedure adopted in these feeding tests was briefly as

follows:—In the absence of suitable stabling, a number of small
pens were erected beneath the shade of tall trees, and the ground
within them was cleared of vegetation.

Each experimental animal was confined in a separate pen, and
in each pen was placed a wooden box or trough for the reception of

foodstuffs; the animals were wateied with buckets, the water in all

cases being obtained from the same source (pipes leading from a
distant hill-stream) as that used for all the other experimental animals
at the laboratory.

In all cases animals were starved for a period of from 18 to

24 hours before beginning the test, in order to encourage them to

commence eating the plant, and some animals had to be starved for

longer periods, and on several occasions. The usual procedure was
to present the animal with the Matricaria ration, and only to' give
supplementary rations of ordinary foodstuffs after the former, or a

considerable proportion of it, had been consumed.
AVeighed amounts of Matricaria were given separately to the

various animals, and after a suitable interval the amounts which
remained uneaten were also weighed separately and recorded. In
some instances the animals displayed such unwillingness to eat the
plant, in spite of hunger, that it was necessary to cut it up and mix
it with other food materials (freshly cut Kikuyu grass was especially
used for this purpose). In these cases the weighing of the uncon-
sumed portions was a, matter entailing considerable time and some
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difficulty, but although the weights were no doubt less accurate in

such instances than in cases in which the plant was taken alone,

I believe that the errors hardly exceeded the limits which have
generally to be conceded in experiments of this nature.

At the conclusion of the experimental feeding each animal was
turned out to graze, and three very small grazing paddocks were
utilized in different cases for this purpose. They were chosen chiefly

on account of their small size and proximity to the laboratory, which
permitted frequent observations to be made from the windows of the

building itself; they failed to reveal any traces of M. nigellaefolia

after several very searching examinations carried out at different

periods.

Moreover, these paddocks were utilized from time to time for

other cattle, and no cases of the disease were ever brought about in

this way in cattle that had not been subjected to experimental Matri-

caria feeding.
Latterly some of the animals in these grazing paddocks were

given some supplementary ration of lucerne hay and fresh Kikuyu
grass, owing to the partial exhaustion of the grazing.

In the first instance a series of feeding tests on twelve cattle was
arranged; in every case a positive result was obtained, and the main
fact disclosed by the field experiments, that ‘‘ pushing disease ” is

an intoxication produced by the ingestion of Matricaria nigellaefolia,

was thoroughly confirmed.

The more important data relating to these twelve experimental
cases are given in Table I, but a number of special points connected
with the tests, and the observations made during their performance,
are dealt with more fully in the succeeding section.

At a later date a further and different series of feeding tests

was made, with a negative result
;

these tests, and the failure to

reproduce the condition, are discussed under the heading of “ mini-
mum lethal dose.’’

(1) Sources, Varieties, and Condition of the Matricaria nigellaefolia
used.

Both the type species and the variety B. ten-uior were tested,

and both reproduced the disease; it is impossible to offer any definite

opinion on their comparative toxicity, as this point could not be
determined without conducting a larger number of tests especially
arranged for that purpose.

The facts on the whole suggest that the largei and coarser type
species probably contained less of the toxic substance or substances.

The variety was obtained from St. Ives, and as far as possible

freshly cut plant was placed in sacks and despatched daily to the
laboratory by train. The plant was generally received at the labora-
tory less then twenty-four hours after having been cut, and it was
very often fed to animals almost immediately after its receipt, but
at times there was a further interval of two, and even three, days.

When not fed immediately, the plant was removed from the bags
and spread out on a cement floor {usually sheltered from the sun)
in order to prevent fermentation and the growth of moulds. In no
case, at the time of feeding, was any macroscopic change noted other
than a slight withering, which, however, was often hardly noticeable.

The type species was procurable in the laboratory grounds (see

page 167), and could be cut as required and fed when quite fresh.
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At one time it was intended to' test Matricaria from a farm
bordering on the Umgeni River, owing to the strange fact that at that
time (towards the end of the bad outbreak along the Lions River) the
disease had not been recorded on any of the Umgeni farms', although
ihe plant in many cases could be found in abundance on them. This
experiment was abandoned, however, owing to the later occurrence
of several outbreaks on the Umgeni. The circumstances of these out-
breaks indicated very plainly that the increasing severity of the
drought was responsible for the appearance of the intoxication on
certain farms that happened to have escaped several local showers,
which saved the situation in neighbouring parts of the Umgeni Valley.

(2) Readiness with which the Riant was Eaten.

Owing to the fact that the treatment applied to the various
animals was not quite identical in all cases, and that the treatment
of certain of the animals varied somewhat during the period of experi-

mental feeding, it is not possible to represent accurately for all the cases

the original degree of distaste for the plant and its progressive

diminution. The accompanying chart, in which the percentage con-

sumed of the Matricaria offered during the first five days of the test

is compared with the same factor reckoned for the whole period of

the test, is intended only to furnish an approximate guide to the

course of events.

The methods applied were essentially the same in all cases,

however, and the mode of representation in Chart 1 tends on the whole
to render the apparent increases in the readiness to consume the

plant, and the apparent differences in this respect between the various

animals, smaller than they were actually found to be.

The freshly cut- plant was nearly always rather better (and in

some cases much better) taken than Matricaria that had been cut a

day or several days previously.

With respect to cattle, it may be said that no animal that could

be regarded as normal has been observed to eat Matricaria at all

readily without the application of some degree of compulsion, and
in all experimental cases a preliminary period of about eighteen to

twenty-four hours’ starvation was observed, and is to he understood

where not specifically mentioned.

The amounts consumed within twenty-four hours (after the pre-

liminary starvation for twenty-four hours) by nine animals that were

given 10 11). (each) of fresh, or almost fresh, Matricaria were: 10 lb.

in two cases, 84 lb. in one case, 6 lb. in two cases, 3 lb. in one case,

and none at all in three cases. In one instance, under similar con-

ditions, another animal was offered 20 lb. of the plant on the first

day, and consumed the whole quantity very readily, but this seemed
to be an exceptional case.

The periods of partial starvation required to- induce) the above-

mentioned nine animals to consume the first 10 lb. of the plant

ranged from less than one day to a week, the, average period being

three days.

The periods required to compel the consumption of the second

10 lb. by seven of the same animals, varied from about twelve hours

to two days, with an average of one and a third day
;
for the third

10 lb. the average period, in five of the same animals, was about one

day, with variations from about eighteen hours to two days.
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These figures are of interest, but do not justify any very rigid

conclusions, because it could not be said that the more willing feeders

were always supplied with the maximum quantity that they could

he made to consume (under the conditions of the experiment), and

varying degrees of compulsion were applied to different animals; the

more, willing partakers of the Matricaria ration received also more

liberal supplementary rations.

Chart to illustrate roughly the readiness with which the Plant was

Consumed by different Animals.

In each case the first, point (on the left) indicates the percentage consumed of

the Matricaria. offered during the first five days, and the second point (on the right)

indicates the percentage consumed of the Matricaria offered during the whole period of

the test.

The subject is one of both practical and tlieoietical interest, and
the observations made on the experimentally fed animals appear to

justify the following statements:—
(a) Some degree of compulsion was always required, but the

amount necessary to induce the commencement of Matri-
caria feeding varied greatly in different cases.



(b) In all cases animals were induced later to consume the plant
much more readily, and in some instances they were quite
easily persuaded to eat comparatively large quantities
(up to 29 lb.), whereas in other cases the increased con-
sumption could only be maintained by the repeated
application of even severe methods of compulsion

;
there,

were also cases of intermediate character in this respect.

(c ) In none of these cases did it appear that an animal would
eventually select the plant under conditions permitting
really free choice of food materials, and in most cases it

was clear that the Matricaria was still regarded with some
distaste, although accepted. In only .two out of ten cases
did animals appear to display anything more than tolerance
of, or resignation to, the, Matricaria feeding; in one of

these cases the animal showed quite exceptional readiness
to take the plant immediately after the initial starvation
period, and in the other instance the animal commenced
with a more than normal willingness, and soon was induced
to consume large quantities.

The conclusions drawn from the feeding experiments agreed well
with the observations made in the field, and particularly with those
made during the course of the later tethering experiments (Field
Experiment III).

It was seen clearly that the tethered animals in every case avoided
Matricaria when placed for the first time on a area containing it,

and ate it only when the grass and other attractive herbage was
becoming really scarce, but it also appeared that the plant was more
readily eaten -when an animal was afterwards transferred to further
Matricaria areas. It was difficult to estimate with any accuracy the

extent to which the distaste for the plant diminished, however, on
account of the distance of the area from the laboratory, and the
impossibility of making close daily observations.

I particularly desired to observe whether any of these animals
would develop an actual taste or craving for the plant comparable
lo that stated to be acquired for

“
loco-weed,” but nothing was ever

observed which could be interpreted as evidence of tin' formation of

,i
“ Matricaria habit.”

One observation made during the course of the St. Ives tethering

experiment (Field Experiment 111 A) is of considerable interest in

this respect.

The heifer concerned (animal E), after having been tethered in

the vlei for two months, was moved into a Matricaria belt on

13th November, 1919; it showed the first symptoms of the intoxi-

cation on 19th December, after a lapse of thirty-six days, and had to

be destroyed ten days later.

On 1st December, i.e. eighteen days after its introduction to the

Matricaria zone and eighteen days before the first ordinary symptoms
of the disease appeared, this animal displayed what appeared at first

to be an extraordinary liking for the plant. It had then grazed down
its patch (including much Matricaria) quite closely, so that it was
intended to move the heifer on to a new area on the following day.

The animal was undoubtedly hungry, and freshly pmlled grass

placed before it was ravenously devoured, but Matricaria appeared
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to be. equally welcome and was also consumed in the same ravenous

manner; the heifer would even pursue a man carrying’ a bundle of

the fresh plant and attempt to secure it. Quite a considerable

quantity of Matricaria was offered to this animal and consumed, and
the repeated offering of small quantities of fresh green grass did not

diminish, as far as one could observe, the readiness to consume
further supplies of Matricaria (after the grass had been eaten).

When grass and Matricaria, in separate heaps, were offered

simultaneously, the animal exhibited much indecision, although

eventually the grass was eaten first.

Finally, the heifer was tested with quantities of a Rumex and a

Polygonum
, and both were eaten just as readily as the Matricaria.

Now, these two plants occurred commonly in the same zones as

the Matricaria, and they appeared to be exceedingly distasteful to the

cattle that grazed over such areas. In some cases where close grazing

had been very rigorously enforced, and where even plants such as

Matricaria had been eaten off close to the ground, specimens of this

Rumex and of the Polygonum were left untouched.

Mr. A. Mogg, to whom I owe the determination of the genera,

made particular note of the refusal of my experimental cattle to touch

the two plants, and later, during the course of feeding' tests that failed

to reveal any pathogenic properties, I experienced great difficulty in

inducing animals to eat them.

The conduct of this animal could not be explained as a mere
manifestation of excessive hunger, for in many other cases, in which
the two plants were left untouched, the closest possible grazing was
enforced quite as ruthlessly, or even more so.

It seems that in this instance there was no “ Matricaria habit,”

as was at first thought to be the case, but that the heifer had largely,

although not entirely, lost the power to discriminate.

This would indicate the rather interesting possibility that the

consumption of Matricaria, might lead to the eating of some other,

and perhaps more rapidly acting, poisonous plant that would other-

wise be avoided, and it is at least possible that such an action might
be induced by an amount of Matricaria (or of some toxicologically

similar plant) which in itself would not necessarily prove fatal. This
possibility acquires added interest in view of the recent discovery of

the combination of factors responsible for the occurrence in cattle of

lamziekte (7), and some obscure cases of poisoning may perhaps be

explained along these lines.

It must be admitted that there was no proof that the abnormal
behaviour of heifer E was due to the action of Matricaria, for the
animal had been grazing on mixed vegetation, and the loss of dis-

crimination in taste was observed more than two weeks previous to

the first appearance of noticeable signs of Matricaria intoxication

;

but it is very probable that such was the case. In any event the
occurrence of poisoning by one plant, as a result of aberration of taste

produced by another plant, rejnains an interesting and perhaps not
unimportant possibility. No systematic testing of taste along these
lines was carried out in the series of feeding experiments under
discussion, as it would have introduced another and variable factor
and might have led to unexpected and, at the time, unwelcome
developments.
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(3) The Period of Latency.

As shown in the table, in the feeding experiments with fresh
plant there was a period of latency, comparable to the incubation
period of a microbic disease, that showed the following limits:—

(a) From twenty-three to forty-seven days after the commence-
ment of the Matricaria feeding.

(h) From seven to forty-two days after the cessation of the
Matricaria feeding.

These figures agree well with the observation of the owner of St.

Ives, viz., that the disease usually ceased about four weeks, and
exceptionally as long as six weeks, after the cattle were removed from
the vlei.

It should be noted that in certain cases the onset of the disease

was so insidious that it was hardly possible to fix with certainty the
time of the appearance of the earliest symptoms, and in such a case
;is that of ox 246 the figures given must be considered to be only
approximately correct.

In the case mentioned the latent period, after the cessation of

Matricaria feeding, has been given as forty-two days, but under
natural conditions the disease might very easily have escaped notice

lor several days longer. On the other hand, the animal on several

days previous to the one indicated had displayed for a short time (and
on a few occasions only) certain very vague symptoms, difficult to

notice and still more difficult to interpret.

Of course the lower limit of (h) has no particular significance.

In connection with the lower limit of (a), the minimum period within
which the intoxication was induced by the feeding of' freshly cut
Matricaria, it may be noted that in one animal fed on Matricaria hay
the symptoms appeared on the twentieth day

;
clinically the course

of the intoxication in this case was exceptionally acute.

The variations in this latent period are discussed further in

dealing with the question of dosage.

(4) Immediate Effects of the Ingestion of Matricaria.

In certain instances the feeding tests afforded opportunities of

observing something that had not been seen in the field, and of which
no reports had been received, viz., the immediate effects of the inges-

tion of the plant.

In rather more than half of the experimental cases no such effects

were noted, but in the other cases the animals, at some time during
the period of special feeding, displayed signs of digestive disturbance,
and even of moderate but distinct abdominal pain. These symptoms
were never really pronounced

;
they were never shown for a long-er

period than about twenty-four to forty-eight hours at the most, and
in no case did an animal appear to suffer in this way on more than
one occasion.

These effects were shown in different cases as early as the second
day and as late as the eighth day of the test. The animals displayed
such symptoms as sudden loss of appetite (even towards the most
attractive foodstuffs), a

“ hide-bound*” condition with a rough coat,

a strained expression of the face, and grinding of the teeth.

They showed a tendency to lie much or to stand with the back
arched, and in some cases restiess movements and repeated rising and
lying down again were noted.



In one case diarrhoea appeared, with the occurrence in the faeces

of mucus streaked with blood, hut in all other cases animals dis-

playing the symptoms mentioned were inclined to he constipated, and

the faeces were hard and dry.

In all cases the animals lost condition during" the special feeding,

and in some the loss "was easily appreciated. The tactics that had to

be adopted, in order to enforce the consumption of the Matricaria

ration, were in most cases sufficiently severe to account for some loss

of flesh during" this period, and in certain cases were considered to

afford an adequate explanation of a really considerable loss.

After the cessation of the special feeding a number of the animals

improved considerably in condition, but in other cases the loss was
never made good, and the animals continued to lose condition slowly

until visible symptoms of the disease developed; after this, the loss

was rapid.

(5) Symptoms and Course of the Intoxication.

It may be said that, with one exception, all the manifestations of

the natural disease (as described in Section' I of this paper) were

reproduced in the experimental cattle by feeding them with Matri-

caria. The single exception was the peculiar “ nodding of the head
that was seen only in very few of the natural cases, but which was
reported to be quite commonly shown in some outbreaks (Mr. J. L.

Webb in 1902 observed such cases to predominate on certain farms,

although he saw none at all of this type on some other farms).

Pushing into solid objects was a very marked feature of half of

the experimental cases, and some signs, at least, of a tendency to

perform this action were seen in all cases. Various forms of forced

or involuntary muscular contractions, from mere fibrillation to strong-

clonic and tonic spasms, and manifestations of muscular inco-ordina-

tion, were shown in different cases; such symptoms as grinding of the

teeth, lachrymation, contraction of the pupil of the eye, salivation (in

some instances very profuse), and constipation were generally noted.

In fact, with the exception already noted, and making due allowance
for the comparatively small number of experimental cases, it can be

said that the account already given of the symptoms observed in

natural cases of
“ pushing disease ” serves equally well to describe

those seen in most of the experimental cases of Matricaria intoxica-

tion. It was possible to follow the experimental cases more constantly

and thoroughly, however, and a number of additional observations

were made.
As a very early symptom, a tendency to lie much, usually with

the head turned towards the body, was noted in more than half of the

cases

.

Attention was soon attracted to a peculiar symptom that had not
been particularly well-marked in any of the naturally contracted
cases which had come under observation ; this was an affection of the
forelimbs which led to knuckling over at file fetlock joints, and even
a similar involuntary bending" of the leg at the knee.

This symptom was noticed often to occur in the later stages of

ordinary acute cases, but it constituted one of the most striking
clinical features of the experimental cases set up bv the ingestion of
relatively small amounts of Matricaria, and it was very noticeable
during the course of the intoxication induced by feeding Matricaria
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to animals that previously had recovered from a naturally contracted
(and comparatively mild) attack of “ staggers.”

The first stage of this condition was shown by the tendency to

stumble, so frequently observed in cases of all types, but in most cases

nothing further of this nature was seen up to the time when the

animal went down in the later stages of the intoxication. In the

particular cases mentioned, however, the tendency soon became much
intensified, and the animals when driven were very liable to stumble,
almost to fall, and then to recover the balance but remain standing
with one or both fetlocks knuckled over completely, so that the
anterior aspect of the extremity, from the fetlock to the toe, was in

contact with the ground. The condition was practically always first

observed to affect only one (and on all occasions, in that case, the

same) leg, although sooner or later both forelimbs were more or less

equally involved.

In some cases the tendency towards knuckling-over was first

observed, or was seen most easily, when the animal was rising after

having been down for some hours. It would rise somewhat clumsily
until it was standing on the hind feet, but resting in front on the
knees. It would then rise slowly to the forefeet and immediately
knuckle over at one or both fetlocks, or it would rise first on to the
fetlocks and then, with a further effort (and possibly after several
unsuccessful attempts) attain the normal standing position.

As the condition advanced it became increasingly difficult for the

animal to rise from the fetlocks to the feet, and still later it exhibited

increasing difficulty in rising from the knees to the fetlocks.

Consequently one migdit, see an animal feeding and moving about,
resting in front all the time on the knees (especially) or the fetlocks,

or it would remain motionless for long periods in such an attitude;

in some cases while kneeling in front the animal would push the head
or nose firmly against a post or into the soil.

When an animal developing this form of the disease was driven,
if already on the feet, it was likely to stumble badly at any minor
inequality of the ground and to come down on one or both knees or

fetlocks; but for some time continued exercise had a beneficial effect,

and after the animal had been driven for some minutes the stumbling
and knuckling-over would sometimes disappear completely for a vari-

able period (half an hour to several hours).

At a later stage movement only increased the tendency, and it

became quite impossible to compel the animal to walk; attempts to

do so would then probably cause it to fall on to the side or even to roll

forward on to the back.
It may be remarked, however, that an animal unable to rise on

to the forefeet or to remain in the normal standing position if lifted,

appeared generally, if not always, to retain the power to move quite
freely the upper portion of the forelimb above the knee or fetlock

joint, and, of course, to move the leg as a whole; it often seemed to be
quite unaffected in other regions, and moved about on the knees eating
quite well.

It is interesting to note that Huteheon (8) recorded in Cape
Colony a somewhat similar condition in connection with krimpziekte,
an intoxication following the ingestion of *' klimop,” an Asclepiad,

and he stated that it was due to a gradual contraction of the flexors,

causing the animal first to walk on the toe and later even on the
fetlock joint.
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In Matricaria intoxication I observed no evidence of flexor con-

traction, and it was always quite easy to extend the flexed joints by
manipulation

;
the animal was more or less unable to maintain them

firmly in that position, but they remained loosely extended as long
as the wreig'ht of the body was supported more or less completely
(according to the case and its stage) by other means.

The condition appeared obviously to be one of paresis that was
at first in most instances quite transitory, and that eventually

increased in many cases to one of more or less complete paralysis,

affecting particularly (and perhaps exclusively) the extensors of the

carpal and metacarpo-phalangeal joints; it recalls the “ wrist-drop
”

characteristic of a proportion of the cases of chronic lead poisoning in

man.
Although some indications of this condition had been seen in

naturally contracted cases (in the later stages of many acute cases,

and, of course, in most cases the slight degree manifested by frequent
stumbling), I had never seen in the field anything approaching the
striking appearance presented by animals 253, 204, 240, and 202 (see

Table, 1), nor had the occurrence of such cases been reported to me.
From later inquiries I found that a small number of farmers
recognized the description at once, and they had undoubtedly seen

such cases, which, however, appeared to have formed only a very
small proportion of the cases in most of the recent outbreaks. In no
case have I observed any special evidence of paresis or paralysis in

the hind limbs.

With respect to the tendency to push the head against an obstacle,

the experimental cases exhibited practically all the variations (in

force, duration, nature, and frequency of attacks) that have been
recorded in natural outbreaks. It must be noted, however, that the

tendency to perform this act was very much slighter in the cases set

up by the ingestion of small quantities of Matricaria, i.e. m the
cases of which the “ knuckling-over ” was so prominent a feature,
although the two symptoms were to some extent combined.

In the cases induced in “ recovered ” animals, and in one of the
two cases due to the ingestion of Matricaria hay, the “pushing”
symptom was manifested only for a very short time and on few
occasions.

When it is remembered that these animals were under very close

and almost constant observation throughout the day, it is clear that
the very few and brief bouts of “ pushing ” might very easily have
escaped observation under natural conditions.

The act of pushing against solid objects might obviously be due
to one or more of a number of different causes, and it was attempted
to ascertain whether it was deliberate or only accidental, and to what
extent consciousness was retained. If accidental or secondary, the
process might be due to co-ordinated but involuntary movements or
to an unreasoning impulse to move forward combined with impaired
vision.

If deliberate, it might conceivably arise from efforts to maintain
equilibrium, and at times animals are undoubtedly able to remain on
their feet, with the weight thrown forward against a wall, when they
would be incapable of maintaining their balance away fi-om such a
support. On the other hand, animals frequently evince signs of a

marked tendency to thrust with the head, at a time when there is no
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evidence whatever of any difficulty in maintaining' equilibrium, and
the object against which the head is thrust may in some cases be quite
unsuitable for such a purpose, as in a case quoted below.

I believe that one can negative at once the suggestion that the
act might be prompted by a desire to injure or destroy the object in

question; nothing else in the animal’s behaviour lends any support
to that view.

Observations showed that the action may be quite deliberate,

and that the animal may be not only conscious of, but also eager for,

its performance. In fully developed acute cases the impairment of

vi.s.on may have rendered quite accidental the attainment of a solid

object against which the head can be thrust, and in such cases there
generally appears to be serious disturbance of consciousness.

in fess severe, cases, and in the earlier stages of most cases, how-
ever, it could be seen that an animal actually seeks such an object,

and that it derives much satisfaction from pressing the head against
it.

Some animals, after restless wandering, apparently in search of

a suitable fixed object, on attaining it will actually evince pleasure
by movements of the tail that recall at once a hungry calf in the act

of drinking.
In one naturally contracted case, in which the disease developed

exceptionally slowly, the animal started the process while still almost
normal in most respects. This heifer, which was at the time kept in

a closed stable, was only accidentally discovered to be pushing gently

against the wall, as on the approach of a man or the sound of foot-

steps it immediately desisted and moved away.
As a result of closer and suitably arranged observation it appeared

that at this time the desire to press the head against something was
strong, but that the animal always checked it whenever it became
aware of observation or approach.

Several days later this animal ignored its surroundings, and it

then pushed against the stable wall for prolonged periods.

Cases have been seen in which animals, in the absence of firmer
objects, have pushed deliberately and repeatedly against young trees

that bent fairly easily and could offer no strong resistance. After
pushing past or over several of these an animal has been seen to

return, thrust the head against one of the trees until the latter was
bent over through an angle of thirty or forty degrees, and then to

rem in motionless for a considerable period; in such a case the

pres ure exerted by the bent tree was obviously welcome.

It is perhaps possible (hat the animal suffers from “ headache,”
and that a certain amount of relief is obtained by local pressure.

Although in the earlier stages of the intoxication, and in milder

cases, the pressing of the head against solid objects appears generally,

if not always, to be a voluntary action from which some satisfaction

is derived, it by no means follows that the action is always due to the

same causes, and that it is always consciously and deliberately per-

formed. In its later or more violent forms it is very possible, of

course, that the action is due to- stimulation to general muscular
activity while co-ordination is still effected more or less normally, but
in (he absence of the control of the highest cerebral centres; the effect

of various forms of artificial stimulation is perhaps of some signi-

ficance in this connection.
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It is possible that determined and forcible forward movements
may arise from thct occurrence in the animal’s consciousness of some

form of delusions, but the general behaviour of the animal lends no

support to such speculations.

In this condition there has not been noticed any evidence of

excitement, such as may be seen in some cases of lieartwater and acute

redwater, and also in same cases of “ staggers ” in horses. As far as

it is possible to judge the
“

state of mind ” of bovines by their

behaviour, and by the expression of the eyes, etc., one would gather

that in this condition the patient is usually dull and depressed, and
t hat all the more violent movements are purely involuntary or reflex.

It is of interest to note that, as lias been shown by the work of

Sherrington, Graham Brown, and Forbes, “ when the intensities of

the two opposing influences on the same centre are nearly ecpially

matched, a rhythmic discharge results” (Bayliss, “Principles of

General Physiology,” 2nd edition, p. 498).

The occurrence in Matricaria intoxication of exaggerated and
diffuse responses to simple stimulation, and of muscular inco-ordina-

tion, suggests that in this condition there is disturbance of the normal
mechanisms of inhibition, and it is probable that some centres are

subjected to the simultaneous action of antagonistic stimuli which
normally would not be of sufficient intensitv to reach the centre at

all.

The action of such antagonistic stimuli, leading to a rhythmic
discharge', might explain very well the rhythmic “ nodding ” of the

head that has been mentioned, and that apparently is more common
than was suggested by the writer’s experience.

It is possible that the forcible, but apparently involuntary and
purposeless, forward movement of many of the animals during the

course of an acute attack—leading* to blundering into objects, through
fences, and into rivers or over “ krantzes ”—may have an origin
similar to that of the “ stepping* reflex ” observed in the experiments to

which reference has been made. The violent pushing* seen in well-

developed cases of an acute type, in which the action is often accom-
panied by a stepping movement of the legs, is presumably to be
ascribed to the same cause as the forward movement.

In bovines the reflexes, with the exception of those of the pupil
and eyelid, cannot very easily be studied, and it is rather difficult, in

my experience, to obtain results that are accurate and really com-
parable, but such tests as were found to be practicable were applied
on various occasions.

Diminution or absence of response, to stimulation in general, was
seen only in the final stage of most fatal cases, and in all other stages
of the intoxication the response was either normal or exaggerated

;

when exaggerated in degree it was also, in many cases, of an abnormal
nature.

If an animal was tested at a time when it was actually exhibiting
some of the nervous symptoms described, it was generally found to be
very sensitive to tactile and painful stimuli, and perhaps abnormally
sensitive to auditory stimuli, but it appeared to be relatively insensi-
tive to visual impressions.

It was often difficult or impossible to obtain a definite kind of
response to a given stimulus. Thus an animal in the act of “ push-
ing ” (unless only mildly affected) would respond to all stimuli, which
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had any effect at all, by performing’ the same action more violently,

and tactile, painful, and auditory sensations all produced the same
result. In severe cases visual stimuli, such as the approach of an
object or a threatened blow, were most often ignored at such times,

unless the cornea or the eyelid were actually touched
;

in that case
the usual eyelid reflex was elicited, but it was accompanied by an
increase in the “ pushing ” act also.

Similarly the various kinds of involuntary movements were
increased by the different sorts of stimuli applied, and the appropriate
response was apt in some cases to be absent or masked, although in

other cases, in which the involuntary movement already occurring
was more limited or more remote from the area affected by the reflex,

the normal response was obtained, but in that case it was usually
exaggerated in degree.

When the reflexes were tested during the quiescent periods they
appeared usually to be normal, at least at first; but on repetition, or

with prolongation of the examination, there was in severe cases a

tendency for the responses to become exaggerated and diffuse, and
for further stimuli to provoke a renewed display of the acts or move-
ments characteristic of the active phases of the condition. For
instance, a blow on the patellar tendon might first induce an ordinary
response (perhaps in some cases rather stronger than usual) in the
form of a kick, and similar responses might be obtained to further
blows; but the second or third blow would sometimes give rise to a

series of clonic spasms, or a prolonged tonic spasm, affecting that

particular leg only. A further blow might then lead to repeated or

prolonged contractions of muscles in all the limbs, and in the trunk
and neck also, or, if the animal were allowed to rise, to the onset of

a violent bout of “ pushing.”
In one type of case the reflex excitability continued to increase

up to the time when it was necessary to destroy the animal on account
of its injuries. In such cases this, irritability persisted for quite an
unusual length of time after the cord had been completely severed in
“ pithing,” and the reflex movements excited by attempts to cut the

skin were not only abnormally slow in disappearing, but were also

very noticeably more violent than those usually seen.

In the majority of cases, however, the reflex excitability finally

diminished until only very feeble or no movements could be elicited

;

the eyelid reflex always persisted until the end, but in the last stage

of the disease it was usually necessary actually to touch the eyelid or

cornea, and the response in some cases was very noticeably delayed.

Attempts to induce dilatation of the pupil by shading the eye in

various ways were never seen to be successful in the open-air, but

when an animal with very contracted pupils was taken from direct

sunlight into a stable that could be rendered really dark, the pupils

were seen to expand very fully. Further exposure to light caused
very rapid and excessive contraction to occur, and it seems that the

myosis usually observed is an exaggeration of the usual pupillary

reflex. I was not able to detect any abnormality with the aid of the

ophthalmoscope.
In the experimental cases that displayed acute symptoms the

weather was seen to exercise the same influence as that described in

connection with naturally contracted cases. It was not possible to

determine the nature of the action on the animals, and whether the

observed influence was particularly a light or a heat effect.
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I was desirous of carrying out a feeding test on an animal kept

entirely in a dark and cool stable, but I was not able to arrange this.

The recorded temperatures of the animals lend no support to the

suggestion that the effect may be due to disturbance of the heat-

regulating mechanism.

It is probable that any considerable interference with or stimula-

tion of the animals may exercise an unfavourable influence in this

condition, as is the case in tetanus and strychnine poisoning, and it

is possible that the harmful effect of hot summer weather is due to

the strong and prolonged stimulation of the retina of an animal which
is abnormally sensitive to most or all stimuli.

As in natural cases, the urine was found sometimes to contain a

reducing* substance. Unfortunately, I was at that time able to perform
only such tests as Fehling*’s and Nylander’s, and it was not practic-

able to make daily observations; my records in ibis respect are there-

fore very incomplete.

It will be noted that in the feeding experiments no animal
recovered after having exhibited definite symptoms of the intoxica-

tion, and moreover the course of the intoxication was undoubtedly
more acute in the experimental cases than in the majority of those
naturally contracted, although the former varied widely in their

clinical manifestations, and in the length of the latent period.

In two cases the periods of visible illness were only three and
four days respectively, and such acute cases appear to be very rare

under natural conditions.

In the case of No. 246 the period was seventeen days, but many
cases in natural outbreaks are of longer duration than that, and,
having regard to the prolonged latent period and the very insidious
onset of the condition, the termination of this case came soonei than
had been expected.

In the other cases the periods were from five to nine, days, periods

that are quite commonly noted in the field, but the average period in
the field is certainly longer, and probably about twelve to fourteen

days.

The experimental animals may in some cases have been killed

rather earlier than the majority of naturally affected animals in a
similar condition, although I should consider that to be very question-
able. The constant handling and interference to which tbe animals
were subjected undoubtedly tended to provoke more frequent and
pronounced nervous reactions, and may have hastened the end.

On the other hand, any such effect must have been at least partly
compensated by the close watch kept on the animals, and the very
early detection of symptoms.

(6) Naked-eye Lesions.

The lesions found post-mortem in the twelve experimental cases
agreed very closely with those found in natural cases of “ pushing
disease.” The same obvious changes were apparent in the liver and
myocardium, and generally (but to a less extent) in the kidneys also;

pulmonary emphysema was observed in five cases, and ulcers occurred
in the abomasum in three cases.

No naked-eye lesions that could be ascribed to the condition were
seen in connection with the brain, cord, or meninges (superficial pig-

11
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mentation of tlie anterior portion of the cerebrum was noted m only
one case).

The amount of cerebro-spinal fluid present varied greatly, even
when full allowance was made for the differences in size of the
subjects, but it was always perfectly clear and transparent.

Engorgement of vessels in the brain and meninges was seen only
in two subjects, which were killed by the subcutaneous inoculation of
hydrocyanic acid (in most cases it was hardly possible to wait for

death to occur naturally on account of the very rapid putrefaction of

the carcasses during’ the hot season, and different methods of destroy-

ing the animals were adopted and the appearances of various organs
compared).

Many of the experimental subjects appeared to be free from the
parasites mentioned in connection with the field cases, and in others

only a few intestinal nodules were found.

(7) Microscopic Appearances.

A considerable amount of material was collected from a number
of cases, both natural and experimental, but apart from a number of

examinations of smear preparations from various tissues and fluids,

it has not yet been possible to examine more than a small proportion
of it. Nothing can be said at present about the lesions in the nervous
system, but a detailed examination of the material should prove of

interest.

Sections of liver, myocardium, and kidney taken from a few cases

(both natural and experimental) have been examined, and in some
instances they present signs of fatty change. The lesion is of the

type that was formerly (especially in connection with the liver) known
as “ fatty degeneration,” as distinguished from “

fatty infiltration.”

In some of the cases examined no signs of fatty change were
detected, and in no case could the degeneration be described as

advanced.
The connective tissue of the liver is not increased in amount, nor

have any signs of proliferation of connective tissue cells been
detected.

More careful and detailed examinations will probably reveal a

number of other lesions, but from a quite superficial examination it

appears that the histological alterations associated with Matricaria
intoxication are not at all striking, or easily demonstrated and
interpreted.

(8) Minimum Lethal Dose.

The result of the test made on seven normal animals with fresh

(or almost fresh) Matricaria would suggest that, at least for animals
of the size and class of those used, the minimum quantity which will

give rise to the intoxication is rather more than twenty pounds.
The negative result obtained with cow 43 is supported by the fact

that in ox 246 (a younger and smaller annual) the latent period was
at least forty-two days, a period which, from the history of some
natural outbreaks, would appear to be close to the upper limit.

On the other hand, this result is not at all in accord with the

observations made in the field, and more particularly those made on

tethered animals.
In a number of the naturally acquired cases that have come under

observation, the subjects may possibly, or even probably, have eaten
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considerably larger quantities of the plant than twenty or forty

pounds, but in many cast's that would appear to have been impossible.

It was quite impossible in the, case of some of the tethered

animals that contracted the disease. Thus number 240, the animal
that was kept on area 1)3 for twenty days and showed symptoms of

the disease twenty-two days later, could hardly have eaten more than
five, or six pounds of the plant. Allowance has to he made for the

growth of the plant during the tethering period of twenty days,

although it may be accepted that very little of the Matricaria was
eaten during the first five or seven days, but I do not think that at

any period (during the duration of the investigation) the area D3
carried as much as 4 lb. of Matricaria at one time.

Similarly No. 271, tethered for eighteen days on area D 0, could

not have had access to more than about 6 lb. of Matricaria during
that period.

Moreover, in both of these cases the latent period was consider-

ably shorter than in that of No. 246, the, animal fed experimentally
on 21} lb., and fhe symptoms of the intoxication conformed more to

the common type seen in the experimental animals which had received

much larger quantities of the plant.

It hardly appeared to be possible or justifiable to reconcile these

apparently incompatible observations by assuming that the St. Ives

plant used in the Allerton experiments had lost, during the day or

days which elapsed between its collection and consumption, a con-

siderable proportion of the active principle or principles originally

present. In the first place the feeding' test with Matricaria hay
indicated that the loss in toxity (after very much more thorough
desiccation and longer preservation) was probably not great.

Secondly, cow 43 failed to develop symptoms after consuming
20 lb. of perfectly fresh Matricaria, and although the material fed

in this case belonged to the types species, which was believed to be

rather less toxic than the variety found at St. Ives, the available

evidence suggested that the difference was relatively small.

It was possible, of course, that cow 43 happened to be a par-

ticularly resistant subject, but there was little or no reason to

suppose that this was the case, for an individual resistance to the

intoxication of any magnitude or significance appeared to be quite

rare, and, moreover, the result of the test with No. 43 agreed fairly

well with the results obtained with Nos. 264 and 246.

A possible explanation of the discrepancy was sought rather in

the number of fractions into which the total quantity of the plant
consumed had been divided, or in the length of the period during
which the Matricaria feeding had continued.

It was considered to be unlikely that such large amounts are
eaten daily, under natural conditions, as were consumed in the experi-
mental cases; it is far more probable that in ordinary circumstances
animals commence by eating very small amounts of the plant,

gradually increasing the daily intake, and that in most cases they
continue to consume at least some of the plant every day until the
intoxication definitely appears.

In the experimental cases, the loss of condition that occurred
before the appearance of any characteristic symptoms suggested that
in most cases the consumption of Matricaria had been forced to an
unnatural degree.
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It was considered that the direction of attention to (he effects

of varying the rate or duration of consumption would probably throw
further light on the subject of the minimum lethal dose, and the con-
flicting evidence hitherto obtained, and that it might very possibly
explain the minor differences, between the natural and experimental
conditions, which have already been discussed.

It was therefore resolved to institute a further series of feeding
tests based on such considerations

;
the subjects chosen were all

yearling heifers or oxen, and the material used was Matricaria (type
species) freshly collected at Allerton. The intention was to feed a

given total amount to each of a group of four animals, of which one
was to consume the total quantity in one day, another to receive half
of the total amount on each of two successive days, and the others to

receive respectively 1 lb. and } lb. daily, for the required uumber of

days.

In practice it was found to be impossible to carry out the experi-
ment as arranged, but the deviations from plan were unimportant,
as is shown in the following account of the tests actually performed :

—

Animal.
Total Quantity
Consumed.

Details of Daily Consumption.

1 20 lb. 20 lb. in one day.

2 ,, „ 10 lb. daily on two successive davs.

3 1 lb. daily for 20 days.

4 „ „ ^ lb. daily for 10 days.

5 10 lb. 8£ lb. and 1^ lb. on two successive days.

6 6 lb. and 4 lb. on two successive days.

7 1 lb. daily for 10 days.

8 » ” § lb. daily for 20 days.

9 5 lb. 5 lb. in one feed.

10 3J lb. and 1J lb. on two successive days.

11 1 lb. daily for 5 days.

12 » ” 1 lb. daily for 10 days.

13 3 lb. 3 lb. in one feed.

14 2j lb. and § lb. on two successive days.

15 » >' 1 lb. daily for 3 days.

16 » ” j lb. daily for 6 days.

17 1 lb. 1 lb. in one feed.

The result of the entire series of tests must be recorded as

negative. Two animals (amongst those that had received total

amounts of 10 lb. and 5 lb.) exhibited certain vague symptoms that

led one to anticipate further developments, but no definite symptoms
of the intoxication were observed on any occasion.

Apart from the suggestion, which I believe to be untenable, that

20 lb. of Matricaria nigellaefolia contains less than the minimum
lethal dose (for the type and size of bovine utilized) of the active

principle responsible for the intoxication, several factors might
possibly be held to explain this negative result:—

(a) In the first place, there is the possibility that the type
species is very poor in the active principle, but, as has

already been stated, the available evidence points only to

a relatively small difference that could at the most only

partially explain these results.
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(
b

) The plant was gathered when in the post-flowering stage.

Certain natural outbreaks appear to have shown fairly

conclusively that the plant in this stage may cause the.

intoxication, but it is not at all improbable that larger

quantities of it may be required to do so.

(c

)

A considerable proportion of the plant used in these tests

was not in a normal and healthy condition. Owing to the

occurrence of heavy rains and extensive floods, the sources

from which my previous supplies of the plant had been
drawn were more or less completely submerged, and it was
found necessary at times to make use of Matricaria that

showed obvious changes as a result of its submersion
(shrivelling, blackening, etc.).

(d) While it is possible, and perhaps even probable, that
feeding* the plant in bulk (for only one or two days) would
always yield a negative result, it is also possible that the
amounts chosen for the daily ration in the more prolonged
feeding, viz., h lb. and 1 lb., were too small. Field obser-

vations strong-1y suggest that, as far as the plant growing
at St. Ives is concerned, a daily ration of 1 lb. or less

should prove ample.
I believe that factors (a) and (b) may probably have contributed

towards or favoured the negative result of t lie experiment, but that
(c) may well have been quite sufficient to account for it, and that the

question requires a repetition of this, or the performance of a similar,

test under more favourable conditions; at the same time the type
species should be tested in such a way as to ascertain its toxity in

comparison with that of the, St. Ives variety.

It was, of course, quite impossible to repeat the test during the

same season, owing to the lack of suitable and healthy material.

The data relating to the first (positive) series of feeding tests have
been analysed as closely as possible with the object of extracting
further information bearing on the question of the influence, of the

rate or duration of consumption. It is recognized that no rigid or

very definite conclusions can justifiably be based on the results of

the feeding (with fresh plant) of the six normal bovines, for the six

animals received six different amounts of the plant, consumed in

fractions that were, only in two cases identical in number, and which
in many cases varied considerably in size.

Consequently, each animal was in this respect the subject of a

separate experiment, and the individual facto.' was not to any degree
eliminated or balanced.

Moreover, the animals varied somewhat in size, and the total

weight could not in most cases be determined with accuracy. The
various quantities of material fed did not, necessarily contain the same
proportion of the active principle, although there appeared to be no
reason to suspect any particular difference in this respect, apart from
that believed to exist between the type species and its variety.

In spite of these variable factors, the study of the results yields

indications that are of some interest, and at least afford a basis for

further experimentation

.

If one plots a curve, taking as ordinates the number of days
elapsing from the commencement of experimental feeding to the onset

of definite symptoms, and as abscissae the numbers of daily feeds of

Matricaria taken, the result is quite irregular. If one takes as



Period

fo

onset

af

symptoms

(tn

days')

190

abscissae the total quantities consumed, expressed, in pounds, the
result is an intelligible but irregular curve (Curve I).

Curves showing Relation between total amount of Matricaria consumed and
DURATION OF “ LATENT PERIOD.’’

Curve I.—Period reckoned from commencement
of feeding.

II.—Period reckoned from date of con-

It expresses roughly the fact that increased total consumption is

accompanied by a shortening of the latent period, and that after an
early and very rapid descent the curve becomes almost flat, the apex
of the curve being in the region of the point representing a total con-

sumption of 40 lb. of Matricaria.

The curve is irregular, however, and in particular cow7 140
appears to have shown quite an excessively long latent period—if the

curve means anything at all.

In view of the possibility that the development of the intoxi-

cation may only begin when a certain total quantity has been absorbed
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(a truly cumulative action), curves have been plotted in which the

periods to the onset of the condition have been reckoned from the

days on which the various animals had consumed 10 lb. and 20 lb.

respectively of the plant (Curves II and III).

The resulting curves are somewhat more regular, but the particu-

lar case of cow 140 is still considerably out of line.

The curves obtained by reckoning the periods from the dates of

the consumption of the fifth and ninth Matricaria rations (Curves IV
and V respectively) are also somewhat more regular than Curve I,

but they fail to bring the case of cow 140 into line with the other

cases, and they are, in fact, rather less regular than Curves II and III.

The records of cow 140, the case with the excessively long latent

period which accounts for the greatest irregularity in all the curves
mentioned, show that this animal was particularly unwilling to eat

Matricaria, and the amounts consumed daily during ihe first seven

days of the experiment were: 3 lb., nil, nil, 2$ lb., nil, 5 lb., and
nil; after that an amount of 5 lb. of the plant was taken daily for

six consecutive days, and during the following five days the daily

consumption varied from 3 lb. to 9 lb.

It is quite possible,, of course, that this animal was endowed with
more than average resistance to the action of the poisonous substance,

but it is perhaps of some significance that in this case the symptoms
were those seen in naturally contracted cases running an acute course,

and in the qtlier experimental cases arising from the ingestion of

large quantities of the plant.

It certainly seems that the intermittent character of the Matri-
caria feeding during the hist seven days way have accounted largely

for the delay in the, onset of symptoms of the intoxication. A further
curve (Curve VI) has been obtained by reckoning the periods to the
onset of noticeable symptoms (the, ordinates) from the time of the
consumption of the fourth consecutive daily ration, and it is very
much more regular, the case of cow 140 approximating much more
closely to the general curve obtained by this and all the previously
mentioned methods.

It is obvious from the facts relating* both to natural outbreaks
and to the experiments quoted, that the visible and long-delayed
effects of Matricaria feeding are the result of the repeated or con-
tinued ingestion of the plant, and it is most probable that, at least

under natural conditions, no animal ever consumes sufficient in one
day to give rise to the intoxication. The experimental results also

suggest that under natural conditions the plant is probably consumed
in a huger number of fractions, which are also generally considerably
smaller in amount, than in any of the experimental cases.

The constant occurrence of a latent period, and the length of that
period in animals which have consumed an amount of Matricaria
even seven times as great as that found to be capable of causing a
fatal intoxication., show clearly that the process under investigation
is not a simple matter of the accumulation within the body of some
active principle of Matricaria in an amount sufficient to exert the toxic
action, although some accumulation may take place, and may he
essential for the production of the intoxication.

It appears that some tissue or tissues suffer an injury that con-
tinues to develop after the complete stoppage of further supplies of

the toxic substance, drawn from sources outside the aniwal body.
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In any case the process is clearly progressive once it lias

advanced beyond a certain stage, and it is probable that repeated
injury to certain cells is the essence of this condition and of certain
aetiologically similar conditions now known.

It is not unlikely that, in the earlier stages, any more than
usually prolonged interval between the successive doses may afford

an opportunity for resolution to occur in the affected cells, although
at a later stage such intervals may very probably have little effect,

on account of the inability of severely injured cells to utilize them.
It appears that the amount of injury, under conditions otherwise

identical, is proportional to the quantity of the substance that is

absorbed, and that the chief modifying factors are probably the
number of successive fractions in which the, total quantity is taken,

and the length of the intervals between them.
It must he freely admitted that this is at present a matter of

speculation rather than of fact, but it is hoped to conduct further
experiments designed to test the effect of observing various intervals

between the successive fractions, in addition to repeating those that

were intended to show the result of varying the number (and con-

versely the size) of the fractions.

(9) The Effect of the Ingestion of the Plant uhen Dried.

The plant used in this experiment was dried thoroughly by
lepeated exposure in a thin layer to the direct rays of the sun
(during summer), and all parts of the mass came in turn under this

action. The material was therefore quite as thoroughly dried as any
that might be included in hay prepared under ordinary conditions,

and, as is shown in Table I, it produced a fatal intoxication in both
of the experimental subjects submitted to the test.

In one case the period of development was quite exceptionally

short (twenty days from the commencement of the feeding), and in

the other case it was shorter than the average period; moreover, in

both cases the course of the disease was decidedly acute. In the

former instance it was more acute, than in any other experimental
cases, with the exception of those of bull 243 (see page 163) and bull

103 (see “ sterilization of plant ”), and decidedly more acute than in

any natural case observed.
The data suggest that the hay made from the St. Ives material

(variety B. tenuior) was distinctly more toxic than that derived from
the Allerton plant (type species).

The two cases were far from being identical clinically. In No.
261 the symptoms were quite characteristic, and were those seen in

the field in the commonest type of acute case, although the course

was more acute than is at all usual. In No. 193 were seen more
extensive and pronounced signs of tremor than were observed in any
other case, either experimental or naturally contracted; the animal
literally shook from head to foot under the influence of rapid but

irregularly distributed muscular contractions that seemed to affect,

at one time or another, practicallv everv region.

It is obvious from the figures given that, weight for weight, the

hay was very much more toxic than the fresh plant, but it is not

possible to state at all definitely whether auy of the active principle

was lost during the drying process. In one test, 10 lb. of the fresh

plant was thoroughly dried in the sun, and ultimately weighed only



about 1 lb., but t lie plant appeared to be, very wet when gathered and
weighed, and the loss of weight in most cases was probably by no
means as great.

It was not praticable to weigh the total amount of Matricaria
utilized for this experiment, however, and it is impossible, to estimate
exactly the weights of fresh plant represented by the amounts of

Mat'iraria hay consumed.
It would appear to be probable, however, that the loss in active

principle during the drying process (under the conditions mentioned)
is not at all large.

(10) The Effect of Sterilization of the Plant by Moist Heat.

In this experiment the required amounts of fresh plant were first

weighed, and then autoclaved at 115° C. for fifteen or twenty minutes.
The sterilized material was then mixed with freshly cut Kikuyu grass,

and given to an animal.
In both of the subjects of this experiment the result was positive,

and the symptoms exhibited were quite characteristic.

The total quantity consumed was almost the same in the twTo cases

(approximately 100 lb.), and it is interesting to note that the periods
elapsing before the onset of definite symptoms agreed very closely

with that noted in the case of the animal (No. 128) which received
100 lb. of fresh and unheated Matricaria. The addition of these two
cases to those dealt with in plotting the various curves (and especially

I and VI) that have alieady been discussed, would involve no par-
ticular alteration or discrepancy.

It therefore appears that autoclaving under the stated conditions

has little or no effect on the active principle of Matricaria nigellae-

folia.

This experiment proved that the disease cannot be due to

infection of the animal with a living* organism attached to, or con-

tained in, the plant (although a negative result would not have proved
the converse), and also that the toxic material is thermostable.

The two cases were not identical clinically, but in both the symp-
toms were of the type usually seen in acute cases, and in one instance
the course was exceptionally acute. Comparison of the two latent

periods does not suggest the existence of any significant difference in

toxicity between the two varieties of the plant, although the facts

are not incompatible with the suggestion that the St. Ives variety was
actually rather more active.

(11) The Ingestion of Matricaria by Animals that had Recovered from
a Naturally Contracted Attach of “ Pushing Disease .”

The animals utilized were two of those that had contracted the
disease under natural condition si in the small paddock at Balgowan
(see Field Experiment Tl).

All the animals in that experiment which recovered, after having
exhibited some symptoms of the disease, were kept on the “ clean J ’

ground at Lidgetton for about two weeks, and were then sent to

Allerton Laboratory and confined there to a small paddock that was
free from Matricaria K

It is of interest to note that none of them displayed any of the

after-effects or sequelae recorded to have been observed on farms
under ordinary conditions.
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They all developed the disease within the period 20th to 25th
August, 1919, and were kept on pasture quite free from Matricaria
from 22nd August onwards; it is, indeed, doubtful whether any of

them had eaten any significant amount of the plant subsequent to

11th August. In September it was difficult, to detect any abnormality
in the gait or behaviour of any of the animals that recovered, and
when examined in the following December, immediately before the
institution of the experiment now discussed, the animals were all in

good condition and very active, and repeated driving over broken
ground failed to produce any signs of confusion or to reveal any
tendency towards stumbling.

Of the two animals chosen for the experiment, No. 2(12 had
actually “ pushed,” and No. 203, when driven from Balgowan to

Lidgetton, had blundered into obstacles and was reported to have
seemed “silly,” so that it was only brought to its destination after

much delay and with great difficulty. In both cases a fatal intoxica-

tion was induced.
It had been anticipated that the apparent protection conferred

in certain cases by a previous attack of the disease ( vide page 148)

might prove to be due to an acquired distaste for the plant, or to the

acquirement of an antipathy greatly exceeding any distaste for it

exhibited bv normal animals.
Although cattle are commonly believed to Learn by experience to

avoid such rapidly acting plants as “tulips” or “ tulps ” (Moraea
and Homeria spp.), which produce effects that are felt within a few
hours at the most, and are no doubt quite painful, it was difficult to

understand how a similar feeling could arise in conection with a

substance that produced its effects after an interval of three or four

weeks.
In the two experimental cases the animals showed no particular

dislike of the plant at all; from the first they accepted the ration

more readily than any other cattle tested.

They were certainly not protected against the amount of Matri-

caria consumed by them
;

this amount was comparatively large, and

it was given in a larger number of fractions, and over a longer

period, than in any other experimental case. It is of some interest

to note that if one assumes Curves I to VI to express, in an approxi-

mate fashion, the relation in normal bovines of flic latent period 1o

the total Matricaria consumption, then in these two animals the onset

of symptoms was delayed for about four or five days.

Clinically the cases were quite interesting, because the animals

received relatively large amounts of the plant, but the symptoms
shown by them differed very considerably from fhose exhibited by

other animals which had received similar, or even much smaller,

amounts.
The actual duration of visible illness was quite short, but the

symptoms displayed were in several respects unusual.

A number of the, common symptoms were shown, such as vibra-

tion of the ears (which was better shown here than in any other

experimental cases), grinding of the teeth, salivation, lachrymation,

and contraction of the pupils of the eyes.

On the other hand, the “ pushing ” tendency, so marked a feature

of all the other cases set up by ingestion of large amounts of the

plant, was almost entirely absent ;
in both cases the only sign of this

was seen after several days, when the animal was down and showed

a tendency to push the nose into the soil.
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The symptoms mainly affected the locomotor system. In one case

paralysis o£ the extensors of the fore extremities was a marked feature,

and there was also very noticeable difficulty in performing the act of

drinking.
In the other animal extensor paralysis only appeared at the last,

and the case was characterized by inco-ordination and uncertainty of

movement, and by difficulty in maintaining the balance.
'.Yliat was really striking in this second case (much less so in Hie

first one) was the obvious fact that the highest cerebral centres were
not involved. The animal, although staggering particularly badly
and able to maintain its balance only with difficulty, showed perfect

recognition and understanding of its surroundings. It avoided
obstacles, although very clumsily, and staggered away when
approached ; on seeing a distant bucket or hearing the rattle of a

bucket-handle it hastened to attempt to assuage its constant thirst,

and it succeeded in arriving at the desired point in spite of repeated
deviations from the straight course. It drank without difficulty at

this stage. The animal finally became comatose, and succumbed
after remaining in that state for an unusually short period.

It was intended to perform further but less severe tests on other
animals of the same group, and also on one animal that had recently

recovered from a particularly bad attack of the disease (the most
severe case to end in recovery of which I have learned), but supplies

of the plant became unobtainable on account of floods, and the last-

mentioned animal unfortunately contracted East Coast fever and
died.

B.—Experiments with Animals other than Bovines.

As shown in Table II, six horses, three sheep, two goats, two
pigs, four rabbits, and eight guinea-pigs were fed with Matricaria
nigdlaefolia, and both the total quantities and the duration of the
feeding periods were varied with different individuals of the same
species of animal. In no case was there seen to be produced any
condition at all resembling* the “ pushing disease ” of cattle.

(1) Horses.

( )f' the horses, one died, but it was not possible to determine
exactly the cause of death. The animal was aged and in very poor
condition before the experiment was instituted, and no definite

symptoms were shown other than depression and increasing weakness.
Post-mortem examination revealed the existence of a sub-acute gastro-
enteritis that may possibly have been due to the ingestion of Matri-
caria, and a heavy infestation with sclerostomes.

Xo symptoms of gastro-enteritis or of abdominal pain were ever
observed in. another horse that received an equal amount of Matri-
caria

, nor in two other animals which consumed much larger quantities

of the plant.
After mare IT had eaten more than 235 lb. of the plant, she was

immediately given hard daily work (drawing* a heavy cart), as it was
thought that the animal might have sustained some injury which
would only be revealed under the stress of severe exertion, as occurs
in some cases of lathyrism. The mare showed nothing at all of note,
beyond the excessive sweating and other signs that are to be expected
when a fat and untrained animal is suddenly put to hard work during
very hot weather, and even these signs disappeared within a few days.
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Oil tlifc whole, the horses consumed the plant decidedly more
readily than the cattle, and there seemed to be no reason to doubt that

they would he at least as likely to eat it when at pasture {vide

Chart I).

Both types of Matricaria were given, and the tests were per-

formed with plant in good condition (as in the positive bovine tests).

In the first two cases the plant was in the pre-flowering and flowering

stages
;

in the last two cases it was in the flowering and post-flowering

stages
;
and in the other two cases lb. per diem) material in all

three stages was given at different periods.

The experimental horses were fed over longer periods than the

cattle, and the feeding was decidedly less interrupted
;

the failure of

the condition to appear in the horses could not be explained along1

these lines, even if these factors have the importance that has been
suggested in discussing the intoxication in bovines.

It must be concluded that horses are very much less susceptible

to the intoxication than cattle, and it appears to be probable that it

would prove impossible to reproduce the condition in the former by
even more prolonged experimental feeding with considerably larger

amounts.
One must admit the possibility that very prolonged consumption

of the plant might lead eventually, and possibly after the lapse of

many months or even of years, to the manifestation of symptoms due
to some very slow but progressive change in some organ or organs;
but it appears to be unlikely that any visible ill-effects will be induced
in horses under any ordinary combination of natural conditions.

(2) Sheep.

As regards sheep, the difficulty experienced in compelling No. 104
to eat Matricaria affords a curious contrast to the readiness with
which the plant was taken by the other two animals. No. 104 was
quite the most reluctant of all the experimental animals of any species

to consume the plant over a prolonged period, and it was subjected to

more prolonged withholding1 of food, and at other times to more
coaxing by admixture with other and more palatable food materials,

and by withholding Matricaria for a few days.
At the commencement it took the plant more readily than some

other animals, and much more readily than cow 140, but after the
first week it refused Matricaria very stubbornly

;
after the lapse of

three weeks the animal (under compulsion) began again to consume
a small daily ration fairly readily, with occasional short intervals of

refusal.

The other two cases show clearly, however, that some sheep may
consume Matricaria just as readily as equines, and more readily than
at least the majority of bovines, although it is possible that in these

cases prolongation of the experimental feeding would have led io a

decrease in the amount taken, as with No. 104.

In this connection it is worth noting that No. 104 had been at
Allerton for a considerable time (several years) and had grazed in

paddocks containing some Matricaria, whereas the other two animals
had only very recently been brought from Pretoria, and had probably
not had access to the plant on any previous occasion.

There were no circumstances in connection with the material
used, the total amount fed, or the manner and rate of feeding that
appeared to render the onset of the intoxication less likely in file case
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of the sheep than in that of the cattle, unless the former are very
much less susceptible to the action of the toxic substance.

As far as conclusions can he based on the results of experiments
performed on three animals, it may be concluded that the intoxica-
tion is at least very unlikely Jto appear naturally amongst sheep; this
conclusion is in agreement with the information furnished by owners
of affected farms.

(?>) Goats.

The result of an experiment on two goats, fed together, suggests
that these animals wili consume the plant at least as readily as cattle,

and that they are probably very much less (if at all) susceptible to

the action of the Matricaria poison.

(4) Pigs.

The two experimental subjects differed considerably in the readi-

ness with which they could be induced to eat the plant, and pigs
appear to display very much the same distaste for it (with similar
individual variations) as cattle.

On the other hand, the total amounts consumed were compara-
tively very large, and the small daily feeds were taken very regularly.
Pigs must be considered to be very little, if at all, susceptible to the
condition.

(5) Rabbits.

All four rabbits died, but the results were inconclusive. In the
first two cases the Matricaria feeding was forced, and malnutrition
appeared to be chiefly responsible for the result

;
in Case IV also, death

was attributed to the same cause. In Case III, the animal’s head was
seen on the last day to be swaying* from side to side, but post-mortem
there were lesions that could hardly be ascribed to the plant, and the
small quantity of Matricaria eaten by this animal, as compared with
those taken by the other rabbits, renders it unlikely that the plant
was directly responsible for the comparatively early death.

It should be stated that all these rabbits were in an unsatis-

factory condition
;
they had been sent a long distance to the labora-

tory by rail, were badly attacked by the common head mange, and
were very thin.

(6) Gvinea-pigs.

Four out of eight guinea-pigs died, but none of them showed
during life any symptoms of ill -laealth other than general signs of

malnutrition.
In three cases post-mortem examination revealed no macroscopic

lesions
;

in the fourth case there was an acute peritonitis, with some
congestion of the liver and kidneys, but the cause could not be ascer-

tained, and, owing to the occurrence of some post-mortem decomposi-
tion, no bacteriological diagnosis could be made.

The results obtained with rabbits and guinea-pigs were not satis-

factory or conclusive, but it appears to be fairly well established that

these animals are comparatively insusceptible to the action of the

toxic substance when taken in (along with the plant) by the mouth,

and there seems to be no tendency for nervous symptoms to appear.

The ease with which a fatal intoxication was induced in hovines

affords an interesting contrast to the failure to produce any definite

results at all in horses, sheep, pigs, and goats. It is easy enough to
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quote examples of striking1 differences between different kinds of

animals with respect to their susceptibility to the action of certain

poisons, and it is not difficult to ciie instances of the relative

insusceptibility of some species to a substance which has a very power-
ful effect on a closely allied species.

There are also a number of known instances in which the symp-
toms or effects produced by a poison in certain species are notably
different, at least in some respects, from those observed in some other

species. Besides such a well-known example as the action of

morphine on different domesticated animals, one may point to such
instances as the intoxication due to the ingestion of Crotalaria
dura (6). In this instance the predominant feature of the affection

in horses is the ocurrence of a pneumonia, whereas in cattle the symp-
toms and lesions are to be referred to the liver and the intestines (but

it must be recognized when dealing with plants that more than one
active principle may be present).

It is very much more difficult, however, to quote examples of the
great susceptibility of one species of animal to the action of a sub-

stance to which all the other common species are almost, if not quite,

insensitive; and the case is particularly interesting when it is the
bovine species that displays the exceptional lack of resistance.

On the whole, the ox is distinguished among domesticated animals
by its relative insusceptibility towards poisons, and Lander (9), after

referring to “the usually high degree of resistance of the ox and
goat,” points out that it is no doubt on account of their more indis-

criminate feeding habits that bovines are the commonest victims of

accidenta 1 poisoning.
It may be noted that the osteophagia induced in cattle feeding

on vegetation deficient in phosphorus, as shown by Theiler and his

assistants in the investigations on lamziekte (7), is not noticed in

horses, sheep, and goats grazing over the same pasture. It is possible

that the bovine species is also peculiarly liable to the development of

pica under the influence of a number of conditions other than phos-
phorus deficiency, and that pica may often account for the ingestion
of poisonous substances by cattle.

With respect to Matricaria intoxication, however, it can hardly
be doubted that under natural conditions the plant is very unattrac-
tive to most bovines, and that it is at least as readily eaten by horses
and goats, and probably by many sheep also.

The resisting species may owe their protection from the intoxica-

tion (due to a succession of very small doses) to, a more rapid excre-

tion, a point that can only be investigated when the active principle

can be isolated from the plant and identified (whether as such or in

changed form) in the urine, etc., but there are, of course, other possible
explanations.

In any case it is quite probable that the other domesticated
animals would prove susceptible to the action of the active principle
in large doses, but under natural conditions large doses can probably
not be obtained within a short period.

C.—Determination of the Active Principle.

A few preliminary experiments in this direction have been made
(in the Institute of Physiology at University College, London) with
a very small amount of material, but it is hoped to continue the work
on a larger scale.
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It was decided to make some preliminary observations on this
small amount of material by treating it according- to the scheme
recommended by Lander (9) for the isolation of various groups of
poisonous substances when present in the ingesta or organs of a
poisoned animal.

The material consisted of dried specimens of the plant in full

flower, and it was cut up and ground in a mill to a fairly coarse
powder, of which the total weight was 38 grammes.

Twenty grammes of the powder were placed in a flask with
slightly acidified distilled water, and steam-distilled. The distillate

obviously contained a volatile oil with a very strong odour, and the
oil was obtained by extraction with ether, and evaporation at room-
temperature.

This oil, which constituted “ Fraction A,” was a light-yellowish
clear liquid with a very strong and pleasant odour recalling some-
what that of lemon. Soon after its separation it began to deposit

small particles of a solid substance, and as it could not be tested at

once, the oil was dissolved in SO per cent, alcohol to inhibit as far

as possible further changes. The alcoholic solution was optically

inactive.

The material in the flask was then rendered alkaline and again
steam-distilled ;

the distillate was acidified and redistilled in order to

remove a small amount of volatile oil which had come over.

The alkaline distillate, deprived of the substances distilled off

alter acidification, formed “ Fraction 13.”

The remaining material was now extracted with acid alcohol,

as described by Lander in connection with his
“ Group C—Non-

volatile Organic Poisons ”
;

it is recognized that the material had
been subjected to boiling for a considerable length of time, and that

it would be necessary, before drawing any conclusions as to the absence

of poisonous glucosides, non-volatile alkaloids, etc., to repeat this

extraction on unheated material, although the active principle was
shown to be thermostable.

The, final result was termed “ Fraction C.”
A number of preliminary tests were performed on rabbits with

these three liquids, and no results whatever were obtained with

Fractions B and C from either subcutaneous inoculation or adminis-

tration per os.

Fraction A produced after subcutaneous inoculation a very

transitory and moderate excitement, and intravenous inoculation was
followed almost immediately by convulsions, ending in death within

about two minutes.
The results were inconclusive, however, and it will be necessary

to repeat and amplify the tests, and in particular to obtain a larger

amount of the oil and to use it as such, in order to avoid possible

complication due to the solvent.

The, work done in this connection has been only of a preliminary

and very superficial character, and it would not, be justifiable to con-

clude that the active principle which causes the intoxication in cattle

is the volatile oil, but that such is the case is at least an interesting-

possibility deserving further investigation.

Reference to the works on the chemistry of the essential oils by
Gildemeister and Hoffmann (10) and by Parry (11) shows clearly

—

(a) that the oils are usually mixtures of a number of complex
substances distributed over a large number of classes;
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( b )
that the amount and constitution of the essential oil con-

tained in a given plant are liable to vary considerably

owing to differences in such factors as soil, moisture, sun-

light, and the stage of growth of the plant. Also that

different parts or organs of the same plant may yield oils

of considerably different constitution;

(c) that wide differences may exist between the, oils distilled

from different species of the same genus, whereas the same
chemical compound may be found in oils derived from
different plants which botanically are not at all closely

related.

It is therefore impossible to draw any conclusions from the

available information on the constitution of the oils obtained from
some other species of Matricaria. The. oil of M. chamomilla has
formed the subject of sevetal chemical investigations, but no con-

stituent of known toxicological importance has been identified

;

whereas the oil of M. parihenium (Feverfew) has been shown to

contain substances (a terpene, borneol, bornyl esters, and possibly

camphor) that in the light of present knowledge might be expected

to exercise decided action in the body.

It may be remarked that the investigations of Power and
Browning (12) into the chemical constitution of the flowering heads
of M. chamomilla, apart from the essential oil, revealed the presence
of no substance known to possess poisonous properties when ingested

in the amounts indicated ; the only base identified was choline.

In spite of the chemical differences between them, the various
essential oils appear to exert on the body certain actions which are

of similar type throughout, and although the particular effects which
predominate may vary in different cases, no special action appears to

be associated exclusively or constantly with one class of chemical
compound.

C'ushny (13) deals with the group in two divisions, the first

including the volatile oils in general, and the second dealing with
the actions of camphor and a small group of more or less closely

related substances (borneol, menthol, and thujone). He brings out
clearly the general resemblance of the effects produced by all these
substances, with the differences in degree and in duration of certain
stages which are associated with particular oils or constituents of oils.

Robert (14) describes in detail the action of a number of these
substances, which have attained importance in toxicology chiefly on
account of their popular use as abortifacients, and here again the
same general type of action is seen in all cases.

The most important points in connection with the effects of vola-

tile oils generally appear to be—

-

(1) local irritation, which may give rise to acute gastro-

enteritis, peritonitis, and nephritis. The degree of irri-

tation varies greatly with different oils

;

•(2) excretion (in part) by the kidneys in the form of conju-
gate glycuronates

;

(3) relaxation of involuntary muscle and the cessation of its

rhythmic movements;

(4) comparatively very little action on the heart and respir-
ation

;
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(5) very often a fatty degeneration of the liver, resembling
that set up by phosphorus, and often of the heart-muscle,
kidneys, thyroid, etc.

;

(0) an action on the central nervous system, and particularly
on the higher cerebral centres, which generally takes the
form of excitation followed sooner or later by depression.

Having regard to the great dilution of the Matricaria oil reaching
the bovine alimentary tract along with the Matricaria plant itself,

and with other food materials, one would not expect to find any well-

marked evidence of irritation, and indeed the entire absence of any
signs of irritation of the gastro-intestinal mucous membrane, or of

the renal epithelium, would not be surprising.

It is probable, however, that the symptoms of abdominal pain
sometimes observed during the feeding period, and the ulcers

occasionally found post-mortem in the abomasum (and often obviously
in the process of healing) are signs of some degree of local irritation.

It will be evident, from the, description of the symptoms and
lesions of the intoxication, that there appears superficially to be agree-

ment between the condition and ordinary volatile oil poisoning in the,

next four points mentioned in the list (relaxation of involuntary
muscle, etc.).

In most cases of Matricaria intoxication the nature of the symp-
toms suggests that the higher cerebral centres are particularly
involved, and that there are usually alternating periods of depression
and excitation

;
but while most of the symptoms and actions observed

in a clinically acute case may be explained as resulting from stimu-
lation or depression of higher centres, there is evidence that the

spinal cord itself may also be abnormally irritable, at least in some
cases.

In Matricaria intoxication there are certain nervous symptoms
which are apparently of an entirely different nature, and can hardly
be attributed to either stimulation or depression of the higher centres.

For instance, the extensor paresis—or even paralysis—in the fore

limbs suggests the possible existence of a peripheral neuritis, and the

highest cerebral centres seemed, at least for a time, to be unaffected

in certain cases in which animals displayed inco-ordination of muscu-
lar activity, or involuntary muscular movements, although their

general behaviour indicated a perfect recognition of, and reaction to,

their environment. It is worthy of remark that such cases were only
observed to arise from the feeding of Matricaria in relatively small

quantities, or from its ingestion by animals that appeared to be more
than usually resistant to its action; the possibility of the possession

or acquirement of tolerance by certain cells and tissues must be

recognized.
It must, of course, be recognized that the actions recorded as

characteristic of members of the volatile oil series are more or less

immediate effects, induced as a rule by the. administration of one
comparatively large dose of the agent, as such or in strong-

concentration.

I have been able to trace only one reference to a similar condition

occurring in cattle, and believed to be due to the action of a volatile

oil (or of one of its constituents)
;
the condition was described in

Schleswig-Holstein in 1907 by Wessel , "Wilster, and Bugge (15). In

this instance there were strong grounds for assuming that the cause
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of the illness was the ingestion of a member of the Compositae,, the

common tansy, which is known to possess a volatile oil containing

a considerable proportion of the highly important substance, thujone.

The symptoms appear to have resembled those of “ pushing
disease” very closely, although the course was more acute; the

resemblance to “ staggers ” in horses is emphasized in the report.

The authors considered the cases to be examples of acute tansy

poisoning, and their view may quite probably have been correct, but

examination of the details shows that It is actually possible that con-

tinued ingestion of small doses—presumably of thujone—and delayed
action may have occurred

;
the details recorded are quite compatible

with the suggestion that the condition required a period of from ten

days to three weeks lor its development; or that the developmeait
required some minimum period of not more than three weeks, and
that a latent period of even forty days might occur in some cases.

Acute poisoning' with oils containing thujone is described by
Kobert, who emphasizes the interference with vision and the tendency
to provoke convulsions; these convulsions, followed by coma, were,

described in 1887 by Peyraud (10), who- considered them to be of the

tetanic rather than of the epileptic type, and who laid stress on the

resemblance of the condition produced by the intravenous inoculation
of rabbits (with the oil) to rabies.

An instance of disease due to the long-continued ingestion of a

volatile oil is found in the chronic absinthe intoxication of man, and
here again thujone is the active principle, although the observed
effects are said to be complicated by those due to the alcohol which
is simultaneously ingested.

This condition appears to arise after the chronic abuse, of absinthe
over a very much longer period than was found to be necessary to

induce Matricaria intoxication in cattle. In his account of the
clinical aspect of the condition, Liven (17) mentions hyperaesthesia
and anaesthesia, fibrillary tremors of the lips and facial muscles, and
emaciation and hallucinations; later, clonic convulsions may be seen,

and epileptiform convulsions may occur quite suddenly.

V.—Affinities of Matricaria Intoxication with other Known
Conditions .

A .—Other Intoxications due to Members of the Compositae.

The natural order Compositae is, to quote Bentham and Hooker
(18), “ the most extensive family among flowering plants, and repre-
sented in every quarter of the globe and in every description of
station.”

It is mentioned by Small that the total number of species upheld
in the Index Keivensis, and its supplements up to 1910, is 22,749,
and the family might have been expected to embrace a very con-
siderable number of poisonous members, but the latter are, at least
as far as is known at present, singularly few in number.

This fact was expressed by Cornevin (19), writing in 1893, in
the following words:—

“ Si la famille des composees est la plus vast© de toutes et si,

dans la penode geologique actuelle, elle se montre la pins envahis-
sante, elle est, heureusement, Tune des moins riches en vegetaux
dangereux.”

He described as truly poisonous only Atractylis gummifera, the
root of which possesses narcoto-irritant properties, and has been
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recorded on several occasions to have produced fatal poisoning of
cattle in Algeria

;
and two species of Lactuca, or wild lettuce, that

possess a latex with a narcotic action but which are stated not to be
eaten naturally by any animals.

He ascribed only a minor importance to several other species on
account of either their feeble action or the refusal of animals to eat

them
;
for instance, Matricaria partlieniuui was alleged to be refused

by cattle, and no effects were recorded from the ingestion of

Artemisia absinthium (wormwood) other than tainting of the milk
and flesh. Cornevin was, of course, dealing with the question of

the accidental poisoning of animals, and he made no mention of

members of the Compositae that were considered to be unlikely to

attain any importance in that connection, although they were known
to contain some poisonous principle,.

For example, no mention was made of santonin (derived from
several species of Artemisia), and it may be noted in passing that

the symptoms of acute santonin poisoning resemble in a number of

respects those of Matricaria intoxication.

The list of plants belonging to this family, and known with
certainty to be poisonous, has received very few additions in recent

years, and the number of those which have come under suspicion

from time to time, although somewhat larger, is still comparatively
very small.

Writing in 1916, Long (3) refers to only tour European species

as definitely known to be poisonous, viz. : Tanacetum vulgare or tansy,

Senecio jacobaea or ragwort, and the two species of Lactuca mentioned
by Cornevin, although he considers it to be doubtful whether the

latter ever give rise to serious symptoms.

He mentions mayweeds (Anthemis sp.) among the plants

suspected of being poisonous, and gives a list (which includes tansy,

white chamomile, and several other species of Compositae) of plants

which may impart a disagreeable flavour to milk.

Lander (9) enumerates most of the plants mentioned above, and
also refers to Geigeria passerinoides, the

“ vermeerbosje ” of Cape
Colony. He gives a longer list of species which have been suspected

of being poisonous, and among them it is interesting to note, Helenium
gntumnale, sometimes known in America as *' staggerweed.”

The disease known as “ milk sickness
'

’ or “ trembles ” has been

shown by Marsh and Clauson (20), and by Wolf', Curtis, and Kaupp
(21), to be due to the ingestion of Eupatorium urticaefolium (white

snakeroot).

With respect to the genus Senecio, it was shown by Grandval and
Sejour that S. vulgare ,

the common groundsel, contains two alkaloids,

and these have been shown experimentally to be, poisonous, although

I am not aware that any naturally occurring cases of poisoning by
this species have ever been recorded.

On the other hand, S. jacobaea, or ragwort, has been alleged to

be the cause of
“ Pictou disease ” in Nova Scotia and “ Winton

disease ” in New Zealand, and has been suggested as the possible

cause of the “ Bottom disease ” of South Dakota. Gilruth conducted

experiments which appeared to prove conclusively that ragwort was
the actual cause of Winton disease (22).

As a matter of fact, ragwort was suspected as flic probable or

possible cause of staggers at a very much earlier date, for Williams
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(23), when referring to the extensive outbreaks that occurred in Eng-
land and Wales in 1787, 1800, and 1819, remarks that the disease,

was supposed by many farmers to be due to the eating of ragwort
during the hot and dry summers that prevailed in the years

mentioned.
Within recent years, an outbreak of a clinically similar disease

in cattle was found by Stockman (24) to be associated with the feeding
of hay containing ragwort in large amount.

In the earlier experiments of Chase with S. burchelli, and of

Robertson with S. latifolius (25), a fatal condition associated with
cirrhosis of the liver was easily obtained, and it was said to be

identical with the “ Molteno disease ” of Cape Colony and the “ dun-
ziekte ” of Natal and East Griqualand.

The later and fuller investigations of Theiler (2G) with S. lati-

folius in Natal, gave results differing somewhat from those previously
obtained by Chase and Robertson, in that the intoxication could only
be induced by the feeding of larger amounts of the plant—by
increasing the size of the daily ration, or by prolonging the period
of experimental feeding.

It should be noted that Theiler produced in this way quite a con-
siderable number of cases of Senecio intoxication, but from his

comparative studies of the hepatic lesions found in those cases, and
in naturally occurring cases of dunziekte and certain other conditions,

he arrived at the conclusion that dunziekte. and Molteno disease are

certainly not examples of Senecio poisoning, but that they show very
definite differences pathologically. In both cases the liver may finally

be more or less cirrhotic, but the lesions originate and develop
differently in the two cases [(26 and (27)]. Theiler has also expressed
some doubt as to the identity of

“ Win ton disease ” with Senecio
poisoning.

As it has been suggested that the active principle of Matricaria
nigellacfolia may be the essential oil (or one of its constituents),
it may be noted that oils have been obtained from many other
members of the Compositae, although the family is not as rich
in examples of oil-bearing plants as the Coniferae, Labiatae,
Lauraceae, etc.

Two examples, Artemisia absinthium and Tanacetum rulgare,
have already been mentioned, and a large number of plants closely

related to Mat. nigellaefolia, such as Mat. chamoimlla
,
Mat. par-

thenium, and various species of Chrysanthemum and Anthemis, have
been shown to possess essential oils; oils have also been obtained from
several species of Eupatorium

,
but not, as far as I am aware, from

E. urticaefolium (white snakeroot).
Greslioff has recorded the occurrence of Cyanogenetic glucosides

in a number of genera, notably in the Cynareae and Antjiemidiae,
and also of saponins in a smaller number of genera (quoted by Small).

Ji.—Conditions with Clinical Manifestations Resembling those of
Matricaria /ntoxication.

The clinical study of diseases characterized by nervous symptoms
is particularly difficult in the lower animals, and our restriction to

the consideration of objective symptoms would in itself be quite
sufficient to account for the great difficulty which may be experienced
in attempting to differentiate clinically diseases that may have little

enough in common from the aetiological and pathological aspects.



On the other hand, the condition produced iu different animals
of the same species by the operation of the same aetiological factor

may present a surprisingly wide degree of variation in the clinical

manifestations, and of this fact the intoxication set up by Mat.
nigellaefolia affords an excellent example.

The tendency to press the head against walls or other immovable
bodies, so striking a feature of the majority of the cases of Matricaria
intoxication, lias been noted in many undoubtedly distinct conditions
affecting horses and sheep, as well as bovines. It has been noted in

conditions associated with the occurrence of obvious lesions in the
brain or its meninges, such as tuberculous meningitis, and the
presence of tumours or of parasites such as Co.enurus cerebralis;

and also in conditions in which no lesions at all have been shown to

occur in the central nervous system, although very obvious changes
may have occurred in organs remote from it.

One may perhaps be permitted to express some doubt as to the
invariable accuracy of the almost constantly recorded hyperaemia of

the brain and meninges, and increase in the amount of cerebro-spinal

fluid.

In its course and symptoms, and in the conditions under which it

arises, Matricaria intoxication resembles particularly two groups of

diseases that have been described in many countries and under many
names ;

it may be noted that the members of both groups affect horses

far more frequently and more characteristically than cattle.

1. The so-called “ epizootic cerebro-spinal meningitis)” “ borna

disease,” and “ forage poisoning ” form a group in which no striking

lesions have been found, other than those present in the central

nervous system (where, however, no visible naked-eve lesions may be

present). Hutyra and Marek have accepted the work of Dexler and
others as showing that no distinction can be drawn between borna
disease and cerebro-spinal meningitis. The name “ forage poison-

ing ” has found favour in America in recent years on account of the

undoubted relation of the prevalent disease, formerly called cerebro-

spinal meningitis, to the food, and also because it has been shown that

the disease is not characterized by the occurrence of a true meningitis

at all (28).

The earlier bacteriological findings in connection with this disease

have apparently been explained, and found to have no aetiological

significance, by the work of Grimm, confirmed by the observations of

the United States Bureau of Animal Industry [Mohler (29)].

The more recent work in America of Graham, Brueckner, and
Pontius (30) suggests that at least many of the outbreaks described

under these names are due to the ingestion of foodstuffs contaminated

with B. botulinus, or with a very closely allied organism. There

appears to be some difficulty in reconciling the common occurrence

of' the disease in cattle with the great resistance to Botulinus toxine

shown by bovines in most, if not all, experiments; in several experi-

ments cattle have also failed to develop any symptoms as a result of

feeding on material which readily produced the condition in horses.

Rusk and Grindlev (31) assume that some cattle only are

susceptible, and Graham (32) states that cattle are susceptible to some
strains of B. botulinus , but not to others.

It is not unlikely, however, that a number of aetiologically

different but clinically similar conditions have been confused under
the same name (a possibility which is admitted by Graham), although



207

the disease due to the Botulinus toxine may he, the most widespread

and important member of the group.

The symptoms appear to show very wide variations, and although
some of. the descriptions given suggest a clinical picture very similar

to that seen in Matricaria intoxication, and in several forms of
“ staggers ” in horses, the description of those noted in many natural

outbreaks, and in cases produced experimentally with Botulinus
toxine, suggests rather the clinical features of many cases of acute
lamziekte (paralysis of tongue and pharynx, etc.).

It is of interest to note t lie fact, recorded by Rusk and Grindley,
that animals may continue to eat from one to four days after they

have become unable to drink.

2. The second group contains a number of clinically similar con-

ditions characterized by the occurrence of very definite hepatic
lesions—in most instances a chronic interstitial hepatitis or cirrhosis.

Into this category fall
“ Schweinsberg disease ” and Senecio

poisoning, with the various conditions that by some authors have been
identified with the latter, viz., “ Pictou disease,” “ Molteno disease,”
“ Winton disease,” “ Bottom disease,” and “ dunziekte.” These
affections, and Tlieiler’s views regarding the relation between Senecio
poisoning and dunziekte and Winton disease, have already received

mention.
Another form of “ staggers ” in horses has recently been investi-

gated by Theiler (33), and described by him as “ acute liver-atrophy
in horses ”; the symptoms are of the same general type as in acute
Matricaria poisoning, but the course is much more acute. All of the

conditions mentioned appear in more characteristic form in equines,

and some of them (e.g. dunziekte and acute liver-atrophy) have not
been seen in cattle. It may be noted that Senecio poisoning in cattle

presents a different clinical picture, for nervous symptoms are not

nearly so well shown, and may indeed be absent, while diarrhoea and
repeated and violent straining are characteristic features.

A form of “ staggers ” in horses has been produced in Canada by
Hadwen, as a result of continued feeding on dried bracken.

A condition with symptoms which appear, at least in some cases,

to be very similar to those of the commoner cases of Matricaria intoxi-

cation, has long been known to occur (usually sporadically) in Great
Britain; here again horses are chiefly affected, but a bovine form
appears to be not uncommon, and it seems that formerly it was far

more frequently seen.

In earlier times this bovine disease was commonly attributed to

impaction of the omasum; it is described under the name of “ fardel-

bound ” by Youatt (34), who also refers to an outbreak (at Halber-
stadt in 1746) which was investigated by Lieberkuhn and ascribed by
him to this cause. Two outbreaks occurring in 1833-4 were described
by Dick (35), who attributed the condition to a sudden change of food,

while Williams attached great importance to the ingestion of rye-

grass that had commenced to ripen, or that had been cut and allowed
to ferment.

A similar condition is mentioned by Moussu and Dollar, and
ascribed to the consumption of dry fibrous fodder and lack of water,
or to the presence of various fungi on corn, etc. : a somewhat similar
condition is stated by them to arise from the feeding’ of cattle on
fermented' distillery or sugar-factory pulp.
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Hugh Begg, writing’ in Wallis Hoare’s textbook, suggests a
chronic form of milk fever to account for nervous symptoms in some
cows, and a condition with some resemblance to the less acute forms of
Matricaria intoxication is described under the name of “ chronic
indigestion.”

In many of the cases and outbreaks which have been recorded
and ascribed to a variety of causes, such as those mentioned above, it

seems not unlikely that the ingestion of some particular plant
(whether on the pasture or in hay) may have been responsible for the
described effects.

Matricaria intoxication has some symptoms in common with loco-

weed poisoning; with lathyrism in cattle as described by Lucet (36);
with the krimpziekte of Cape Colony (8); and with the conditions
produced in cattle by the ingestion of maize infected with Diplodia
zca (37); and of paspalum (dilatatum) infested with Claviceps paspali

(38); but there are also well-marked clinical differences.

It is of interest to note that in a large number of the diseased
conditions to which reference has been made, the first signs of paresis

or paralysis are always observed to affect the hind limbs, whereas in

all the cases of Matricaria intoxication seen the fore-limbs have been
first and chiefly, if not exclusively, affected.

Sheep have also been described as suffering from a number of the
conditions that have been mentioned, including cerebro-spinal menin-
gitis.

In this species the writer has observed in South Africa three out-

breaks of disease characterized by nervous symptoms, and arising

under conditions that rendered it extremely probable that the cause
was the ingestion (probably only for one or two days) of same
poisonous plant. In all three outbreaks the only macroscopic
changes that were at all obvious were found post-mortem in the liver;

this organ was the seat of a very well-marked fatty change of the

infiltration ” type, and the lesion was very striking even to naked-
eye inspection.

In two of these outbreaks the symptoms resembled those of Matri-

caria intoxication in very many respects, prolonged or frequent bouts

of fairly violent “ pushing ” forming the most striking feature of

most cases.

In the third outbreak the animals ceased to eat, drink, or perform
any voluntary movements of any kind; if allowed to do so, they
remained standing in the same position and attitude (as far as could be

observed) for days, the head being usually depressed, but in some
cases raised abnormally high.

In the earlier stages any stimulus such as a touch, a blow, or the

emission of a loud noise near the animal’s head, led to a responsive

movement (such as turning the head in the direction of a sound) only

after the lapse of an extraordinarily long period, and at a later stage

of the disease such stimuli failed to elicit any response. There was
no paralysis, however, for the animals could move the legs more or

less normally when forced io walk.
The symptoms of lupinosis in sheep include marked jaundice and

diarrhoea, and the nervous symptoms appear to be mainly those of

depression, although signs of even great excitement may be seen.

Tt is of interest to note that in “ trotting ” or
“ nibbling disease

”

of sheep, although the general course (and presumably the nature) of

the disease is very different from that of any of the conditions which
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have been mentioned, a nodding movement of the head is noticed,

and Friedberger and Frolmer record a peculiar trembling of the ears,

especially when the sun is very hot.

Dus (quoted by Cornevin) recorded in lambs a peculiar condition,

characterized by paresis of the extensors of the fore-limbs, and
produced by exclusive feeding for more than two months on Indian
pea.

C.—Other Intoxications with a Period of Latency.

The facts which have been demonstrated in connection with
Matricaria intoxication in cattle indicate that this condition belongs

to an apparently small but highly interesting group of intoxications

which have as yet attracted comparatively little attention, but to our
knowledge of which some notable additions have been made in the

last few years by Theiler and by Stockman.
The members of this group are distinguished by the following

characters :
—

(1) That symptoms of illness appear only some considerable

time after the commencement of the daily ingestion of the

poisonous material.

(2) That the earliest symptoms may be shown a considerable

time subsequent to the cessation of the consumption of the

material, i.e. that there is a considerable and even pro-

longed period of latency comparable to the incubation
period of a microbic disease.

Table III, which is inserted on the following page, gives the

significant facts in connection with a number of such conditions that

have been investigated.

It is to be understood that the periods of time and the quantities
given (in the table) are only those which have been recorded under
certain conditions, and in most or all cases one cannot exclude the
possibility that under other conditions the stated limits would be
passed.

The most striking members of the group, with respect to the
extremely lengthy “

latent periods ” which have been recorded, are
Senecio latifohus and Crotalaria dura.

The instance given by Meachem (39) of horses fed on latliyrus

for over a year before the appearance of symptoms, is perhaps doubt-
ful, because very conflicting results have been obtained with different

varieties and different samples of “ Indian peas,” and it is by no
means certain (at least as far as can be gathered from the report)
that exactly the same kind of Indian pea was fed throughout the
period.

From the point of view of the effect produced, the. most striking
and unexpected case is that of Crotalaria dura, and it may be
remarked that this is also one of the few known examples of the
ingestion of vegetable material (apart from the occurrence in it of
bacteria or bacterial toxins) setting up an intoxication characterized
by the occurrence of fever, a feature which is also seen in the intoxi-
cations due to soya and bracken (Stockman) and to Trihulus terrestris

(Theiler)

.

Bracken poisoning appears also to belong to this group, but I

have not been able to trace any records, either of experimental cases
or of natural outbreaks, giving definite proof of the existence of a

latent period. In the length of time required for its development,
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and in the nature of the visible effects, it corresponds so closely with

the soya meal poisoning that it appears to be probable that the active

principle is the same, so that a latent period of equal length—up to

three or four weeks—may perhaps be presumed to exist [Stock-

man (40)].

It is most probable that this group is in reality much larger than

has yet been suspected, but from the very nature of the characteristic

features, the relation of the cause, to the effect is likely in very many
cases to escape suspicion. Even when the nature of the cause is

suspected, the cause itself will often be very difficult to determine,

especially if it has to be soug'ht among the constituents of mixed
pastures.

From the literature to which 1 have had access, I have not been
able to ascertain whether loco-weed poisoning can be included in this

group, as I have seen no records of experiments or observations

indicating the existence of a latent period. It is evident that con-

siderable quantities may be eaten without giving rise to symptoms,
and that even more or less exclusive feeding on “

loco ” may lead

to death only after several months, although it is said that the period

may be, only one of weeks, and that sheep (especially lambs) may die

within two weeks of commencing to eat the plant (41).

The form of “ styfziekte ” in South African cattle caused by
the ingestion of Crotalaria burkeana may possibly belong to this

group, for in spite of the fact that Theiler (42) was able to produce
visible symptoms in as short a period as four days, there can be little

doubt that many, and perhaps most, natural cases arise fi’om the
repeated ingestion of comparatively small amounts of the plant. In
such cases there is a much longer period of development, and it is

possible that under these conditions a latent period might be observed,

although it would probably be of comparatively short duration.

Similar remarks would perhaps apply to the intoxication (“ milk
sickness

”
or “ trembles ”) obtained by feeding Eupatoriwn urticae-

folium, which may cause the appearance of the earliest symptoms on
the third day, or only after continued feeding for ten or twelve
w eeks (21).

The diseases with long-delayed symptoms arising from the main-
tenance of animals on diets deficient in an essential factor belong
obviously to another category, and there is no reason to suspect the

absence of any essential dietetic constituent to have any connection
with the causation of any of the conditions mentioned.

The absence of immediate effects, or of effects visible within a

few hours or days, clearly distinguishes the conditions under con-
sideration from those associated with the mere persistence of effects

after acute poisoning.
The occurrence of cirrhosis of the liver following acute phos-

phorus poisoning is of considerable interest, how'ever, inasmuch as

the lesion is one that may continue to develop some time after the
ingestion of the exciting agent, and that may produce secondary
effects of increasing severity.

Delayed action may be observed in connection with some of the
well-knowm poisons, even after the ingestion of a dose sufficiently

large to induce acute poisoning in most cases. One well-established
example of this is the fact that the first symptoms of acute phos-
phorus poisoning may only appear five days after the taking of a
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single large dose, but in more than 80 per cent, of cases symptoms
appear within six hours—Blyth (43).

What appeared at first to be extraordinary examples of retarded
action were recorded in 1865 by Tuson and Broad (44).

Observations indicated that cattle contracting lead poisoning
from the presence of bullet-splashes on the herbage of rifle-ranges
might show no symptoms, other than some loss of condition, for a
period of three months—even fifty-eight weeks—after their removal
from the dangerous area

;
but post-mortem examinations revealed the

presence in the reticulum of large fragments of lead which had been
retained there, and the cases were really examples of ordinary chronic
lead poisoning due to constant slow absorption.

The symptoms and lesions of an intoxication are not necessarily
dut io the direct action of the poisonous agent itself on the organs
displaying the most obvious lesions, or on the organs to the abnormal
functioning of which the symptoms are primarily to be ascribed.

The direct cause of the visible symptoms may be the presence
in the circulation of an abnormal substance, arising from disordered
metabolism within the cells directly affected by the poison, or it may
be the presence of a normal metabolic, product (from an unaffected
area) in excessive concentration, owing to the failure of the affected

cells to deal with it by excretion or further modification.
Such a process is perhaps more likely to account for the effects

seen : u a subacute or chronic intoxication. A process depending on
t lie presence in abnormal concentration of a secondary metabolic pro-
duct, whatever its nature might be, is obviously liable to involve
greater delay than one due to the presence of the substance actually
absorbed, and the occurrence of such a process would to some extent
explain the possibility of a certain period of latency or development.

The withdrawal of a poisonous substance from the circulation by
certain organs is an important means of delaying, or even of pre-

venting, its action on more sensitive or vital centres.

The liver is known to play an important role in this respect,

partly by modifying substances and rendering them comparatively
harmless, and partly by active excretion along with the bile,; but
particularly by the deposition within the hepatic cells of less soluble

compounds. The latter are only relatively insoluble, however, and
they are apt to escape later into the circulation.

In different cases other organs and tissues may take up and retain

substances present in the circulation, but in most instances the net
result is likely to be a delayed and perhaps more, prolonged action,

partly on account of the subsequent escape of the retained substance,

but also not improbably on account of the infliction of injuries to

the retaining tissues, with consequent degenerative changes which
themselves may give rise to serious effects on the organism as a whole
—the action of secondary metabolic products to which reference has
already been made.

In the group of intoxications under consideration, it is probable
that the quantity of the active principle absorbed daily is very small,

especially under natural conditions, as several of the plants con-

cerned are very unattractive, to animals, and are only eaten

unwillingly, and in the absence of a sufficient amount of more
palatable food-stuffs. It is very possible (and, in such a -:ase as that

of Senecio hitifolius, most probable) that in some instances the

material contains so small a proportion of the, active principle that
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no animal is ever likely to receive or to obtain in one or two days an
amount whieli would contain an effective dose, and the consumption
of such an amount within one or two days might be quite impossible.

It is assumed that the administration of a really large, dose of

the active principle concerned in any of these long-delayed intoxi-

cations would lead to acute poisoning, but it is nevertheless possible

that the effect of a comparatively small dose may be greatly increased

by dividing it into fractions and administering them on successive

days.

It is quite possible that the administration of a small quantity
in one dose would lead to rapid excretion, and that while the cells

of some organs, such as the liver and kidneys, were subjected to a

certain amount of injury, the lesions would not be sufficiently grave
to involve actual necrosis or permanent injury, but that recovery
would follow fairly rapidly. Other cells and tissues might not be

acted on at all by such brief exposure to the poison.

When, on the other hand, the same total quantity was divided
and portions were given on successive days, the abnormal concen-
tration of the substance in the blood would be present over a much
more prolonged period, and cells and tissues unaffected in the former
case might suffer serious injury from the operation of this time-factor.

Even the cells of such organs as the liver and kidneys, although they
would not in the second case contain at any time as great a quantity
of the poison as in the first instance, might not benefit at all thereby,

for it is conceivable that, within certain limits, the time-factor might
operate more powerfully than that of concentration.

Some remarkable observations on the possible effects of small
doses given in fairly rapid succession were made by Kendall (46).

when working with a substance that can hardly be, regarded as a

poison in the ordinary sense. The substance in question was
“ thyroxin ” extracted from the normal thyroid gland, being what
Kendall called the a -iodine compound of the thyroid to distinguish
it from certain /?-iodine compounds also isolated, and its effects after

subcutaneous and intravenous inoculation were observed in several

different species.

He found in the first place that the effects of the inoculation
of this substance were apparent only after the lapse of tw'enty-four
or thirty-six hours; moreover, the inoculation of dogs with compara-
tively massive single doses produced only slight and short-lived
effects, and in no case was lie able to set up by such means a condition
comparable to the hyperthyroidism which may occur naturally.

On the other hand, the inoculation of small doses on several

successive days led to quite striking effects; after two or three days’
tremor, loss of weight and diarrhoea were noted.

Similarly with goats he found that, whereas the single injection
of a given amount produced no demonstrable effects, other goats
actually died as a result of the inoculation of a smaller amount when
divided into a number of small fractions and given daily.

He attributed this striking difference to the fact that the sub-
stance was rapidly removed from the circulation after the inoculation
of a large single dose—in one experiment it was shown that fifty-six

per cent, was eliminated with the bile and urine within fifty hours

—

and to the maintenance, following successive inoculations, of an
excessive concentration in the blood for an appreciable length of time.
He also considered that the effect of, or the response to, the series
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of inoculations was cumulative, inasmuch as the absorption by a cell

of an increased amount of thyroxin would stimulate it to greater
activity, and create, an increased demand for the substance.

Kendall’s experiments were performed with a normal constituent
of the healthy body, and might be considered only to demonstrate
the results of continued interference with the concentration ot a sub-
stance with widespread and important functions, a concentration that
is subject normally to strict control.

On the other hand, there seems to be no reason to assume that
the suggested importance of the duration of exposure of cells to a

substance applies only to this special case.

The prolongation of the period within which a certain amount
of the poisonous material is administered may have an important
effect by favouring more complete absorption, but this factor is hardly
likely to have any important bearing on the conditions under
consideration.

The occurrence of a “ latent period ” proves that the process in

these conditions is not merely one of accumulation, and chronic
poisoning in the most commonly accepted sense of the term, although
some accumulation may be an essential factor.

Most of our knowledge of chronic poisoning is based on obser-

vation of the process in the human subject, for, as Lander remarks,
chronic poisoning is not common (or perhaps has not commonly been
recognized) in the, domesticated animals, which are undoubtedly far

less commonly exposed than man to such a form of poisoning, as far

as the ordinary mineral agents are concerned.
In man, the majority of cases of chronic poisoning arise in conse-

quence of constant exposure to the action of some poisonous substance,

during the practice of some trade or occupation, and it must be only
very occasionally that the occupation is changed entirely before any
symptoms at all have appeared. It may, therefore, perhaps be con-

sidered uncertain to what, if any, extent a latent period might appear
in connection with some of the well-known examples of chronic
poisoning.

With respect to the nature of chronic poisoning, there are

obviously two different processes to which the ultimate appearance
of the symptoms might be attributed :

—
(a) The accumulation of the poisonous substance somewhere

within the system until the total amount (or the concen-
tration in the blood or in certain areas) attained a certain

minimum; and
(b) the summation of repeated and individually insignificant

injuries to some organ or tissue, resulting eventually in

serious results to the organism as a whole.

Kobert’s definition of a chronic intoxication is as follows (.14):—
. . . bei chronischen ( Intoxikationen) der Zeitraum der

Einwirkung sich fiber Wochen, Monate und Jahre hinziehen kann,
wobei naturlich die Intensitat der Einwirkung eine geringe sein muss,
denn sonst wiirde das Individuum akut zu Grande gehen.”

This definition conveys the idea of an action or a series of actions

spread over a long period, and the ultimate effect would therefore

presumably result from the summation of repeated effects, but in

connection with most of the processes known as chronic poisonings

(such as those due to members of the heavy metal series), the observed
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facts have generally been explained as resulting from excessively

slow excretion, or at least from a rate of excretion slow when com-
pared with that of absorption. The relatively slow excretion causes

the effect of repeated doses to be the accumulation of the poisonous

substance within the organism, and the rise of the amount (or con-

centration) to a certain level has been generally held to explain the

frequently sudden appearance of symptoms.

Cusliny (13) gives a number of examples of cumulative action in

Ibis more usual sense, but refers to the views expressed by Straub (45)

in connection with chronic lead poisoning. From the fact that the

quantity of lead actually in circulation at any one time may be so

small as entirely to escape estimation, although lead is deposited in

the liver, kidneys, and many other organs, Straub considered that

the symptoms and lesions of chronic lead poisoning are not due to

the accumulation of the metal in the affected organs, but to the

cumulation of injury from its continually renewed passage in infini-

tesimal dilution.

That the first symptoms of an intoxication should appear a very
considerable time—-even ninety-six days—after the administration of

the last dose of a poison, is an interesting fact that does not lend
itself easily to explanation.

It is conceivable that in some instances there is a combination of

accumulation of the poison and summation of effects, the substance
being fixed in certain tissues but escaping slowly into the circulation,

and gradually acting on more sensitive centres, although at the same
time the poison in the circulation might also be slowly eliminated.

The suggestion that the delayed effects might be due to the

increased liberation of the poison, some time after its fixation in a

tissue, would involve the assumption that the presence of the sub-

stance in certain cells could give rise to a degeneration of an
exceedingly slow character, and in that case the actual symptoms
and death might be due to the lesion produced in the retaining tissue

or organ itself.

One might also suppose, that such an extremely slow degenerative
process might result from repeated injuries inflicted during the actual

period of absorption, if the degree of injury sustained by certain cells

were greater than that from which recovery was still possible.

The very evident changes which are always found in the liver in

several of these conditions, certainly suggest that the organ which
appears to be the most liable to sustain injury in the first instance,

and to withdraw the poison from the circulation, is also liable subse-

quently to undergo serious and progressive changes.
It is possible, of course, for a pathological condition to give vise

to effects which in turn aggravate the original condition, and for a

vicious circle to be established. Theiler has suggested that such a

process may account for the cirrhosis of the liver in cases of dun-
ziekte, and believes that in that disease one need not necessarily
assume that the cause has acted for any considerable length of time.

It is also' possible that the action of the poison, during the period
of daily absorption, is to produce in some organ serious lesions which
do not give rise to> any immediate effects likely to cause visible symp-
toms. Complete resolution of these injuries might involve the lapse
of a considerable period of time, and in some instances it might be
impossible, with the result that a permanent defect remained.
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The effects of such a lesion might very well be cumulative, more
particularly if the affected tissue, or organ were one which exercised
an important influence on the activity of other organs by means of
a hormone.

It, is not impossible that in some instances the lesion, whether
slowly resolved or permanent, is of such a nature that its existence
is revealed only when the organism is subjected to unusual conditions,
or is called upon to perform, in some respect, an excessive aimmnt
of work.

All of the chronic intoxications now under consideration show
the two characteristic features, delayed action and the occurrence,
actual or potential, of a latent period

;
but it by no means follows

that these features are due in all cases to the, operation of the same
factors.

Consideration of the characteristic symptoms and lesions, and of

the periods required for their development, enables one to divide
these conditions broadly into several groups One group embraces,
for instance, the obviously similar conditions produced by different

species of Senecio
, and another the similar, if not identical, intoxi-

cations due to the ingestion of soya meal and of bracken.
It is not improbable that quite different processes and mechanisms

may be involved in the several cases, although no 1 doubt they have
certain features in common, and it is therefore of interest to inquire
briefly into certain aspects of these conditions and to note, as far as
the present state of our knowledge permits, the indications given by
them with respect to the possible operation of certain suggested
factors.

(1) The Nature of the Poison.

In the case of Senecio latifolius there is no reason tc doubt that

the intoxication is due to the two alkaloids which were isolated by
Watt and examined pharmacologically by Cushnv (47), who produced
in cats acute, sub-acute, and chronic poisoning, with the occurrence
of what were evidently early stages of the hepatic lesions characteristic

of the more slowly developing condition in equines and cattle.

Similar results were obtained by him with corresponding extracts

prepared from Senecio jacobaea.

The evidence with respect to Lathyrus is conflicting, both a tox-

albumin and a volatile alkaloid hawing* been described by different

authors as the active principle.

Stockman has suggested that the active principle in soya meal
and bracken is very probably a phytotoxin; the lesions are very
similar to those produced by ricin. It may be recalled that ricin may
produce symptoms and death only some days after subcutaneous
inoculation, and that the period may be considerably longer after

administration per os (but no poisoning may follow the ingestion of

ricin, owing to the destruction of a large proportion in the digestive

tract).

It may be noted that the venom of Dispholidus typus, which
gives what appear to be pure “ haemorrhagin ” effe'cts, was found by
the writer (48) to produce lesions very similar to those given as

characteristic of soya and bracken poisoning, viz., numerous and
sometimes very extensive or profuse haemorrhages into the subcu-

taneous tissues, into the substance of various organs, and into the
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alimentary canal
;

it is of interest to recall that ;n most cases this

venom produced visible effects only after the lapse of a comparatively
very long period.

(2) Cumulative Action.

As far as I am aware, no observations have been made on the

rate, of excretion of the Senecio alkaloids, and, in the absence of

definite knowledge with respect to the nature of the active principles

responsible for the other intoxications of this group, no such deter-

minations could at present be made in any other instance.

It would also not be practicable to attempt to prove the presence
in the body, at the time that symptoms appear or death supervenes,

of a given amount of the, poisonous principle, and consequently there

is no direct evidence of any kind to show whether accumulation of the

poison takes place or not.

No evidence under this head is afforded by the mere fact that in

most instances a certain amount of the. particular material has been
given as the minimum effective dose, for in most cases it is at least

possible that a variation of the conditions might have caused a smaller

amount to become effective. In any event, the amount of injury
inflicted (in the absence of any accumulation) might be expected to

vary with the quantity of the poison absorbed, although, owing to the

operation of other factors, it might not be, directly proportional to it.

In most of these conditions it has been showm that the feeding of

larger amounts of the poisonous material causes the symptoms to

appear within a shorter period, and in some instances it has been
proved that comparatively very small doses will eventually produce
the intoxication if the feeding be sufficiently prolonged, but both of

these facts may be equally readily explained as the result of either

accumulation of substance or summation of effect.

Some evidence bearing on this question is afforded by some experi-

mental results obtained by Theiler with Senecio latifolius

;

he found
that quantities of the plant in the neighbourhood of the minimum
effective dose were more likely to induce the intoxication when fed
in relatively small fractions over a more prolonged period. This
important fact decidedly favours the view that summation of injuries

is the effective cause of the intoxication, for the division of an amount
into very small daily doses should presumably favour excretion.

The results obtained by feeding very much larger quantities
wTould appear to negative the suggestion that the cause of the failure

of a fairly small amount to produce effects when given in a few larger
fractions might be the absorption of a smaller proportion of the active

principle.

Observations made during the course of the experiments on
Matricaria intoxication (see page 187) suggested strongly that the
same factor was of importance in that condition, although an experi-

ment designed to throw further light on the question unfortunately
yielded no information.

It appears to be probable that in these two conditions, if not in

the others, the intoxication results from the added effects of a series

of injuries.

The exact degree of importance to be attached to the length of
the intervals between the successive doses has not been established
experimentally in any of these affections, as far as I can ascertain,
but the necessity for the continuity of feeding on the poisonous

12
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material is assumed in most cases, and it is particularly emphasized
by Stockman in connection with bracken poisoning.

(3) Delayed Action.

The following factors might be expected particularly to favour
delayed or retarded action, following the consumption of a poison :

—
(a) The ingestion of very small doses in great dilution. This

factor may be presumed to be present in all of these conditions.

(
b

)

Production of the symptoms and most obvious lesions by a
secondary body.

Direct evidence on this point could hardly be obtained in cases

in which the active principle has not been isolated, and even Cushny’s
experiments with the Senecio alkaloids throw very little, if any, light

on this particular question. Cornevin’s experiment on a dog with an
extract of Lathyrus sativa is also not conclusive in this respect.

Stockman suggested that the delayed action of soya meal might
be due to the slow manufacture of the actual poison within the
animal—perhaps in the digestive organs—and Theiler has advanced
the view that the symptoms of poisoning1 by Senecio latifolius, as well

as those of dunziekte and acute liver-atrophy, are due to the absence
in varying degrees of sufficient healthy tissue in the liver, and the
consequent faihire to perform its normal functions.

(c) The intervention of a defensive organ and its subsequent
failure.

In Cushny’s experiments on rats the results obtained with sub-

cutaneous inoculation were the same as those following administra-
tion per os. On the other hand, the obvious changes which occur in

the liver in many of these conditions, and particularly in poisoning
by Senecio and Crotalaria dura, suggest that this organ plays an
important part in these, as in so many other intoxications.

It is uncertain whether the effects of C. dura on the lungs afford

evidence of any defensive action there, although the active principle

may possibly be excreted to some extent by those organs; but, as

Theiler remarks, the poison has a remarkable affinity for the respira-

tory mucous membrane.

(4) Latency.

It has already been suggested that in some cases the occurrence

of a latent period may be due to lesions which are permanent, or

which are only very slowly resolved, but which are of such a nature

that their existence is revealed only when the animal is subjected to

conditions that are unusual and more or less unfavourable.

In this connection one may recall the effect of exercise in causing

the manifestation of symptoms of lathyrism in horses which appear

to be normal when at rest. It may also be noted that in dunziekte,

which most probably belongs to the group of intoxications now under
consideration, there is often apparent recovery, followed sooner or

later by a relapse, and that there is some reason to believe that such

relapses may be brought on by digestive disturbance due to some
other and non-specific cause.

Finally, it may be remarked that the exact conditions under
which these intoxications are likely to appear, and the effects of

various modifications of those conditions, are of considerable impor-

tance and deserve the fullest investigation.

The withholding of particular foodstuffs or the eradication of
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particular plants, when proved to be dangerous, is the most obvious
means of prevention, but such means are not always practicable; in

particular, the eradication of a plant may prove a most expensive
process, and demand continued efforts over a period of years.

It is evident that there are many possibilities in connection with
poisoning by one substance. For example, in chronic lead poisoning
the possible results are not merely recovery or a progressive condition
ending sooner or later in death, but recovery may be followed by
relapses after long intervals

;
moreover, after recovery the patient

may be found to possess a susceptibility towards further lead
poisoning that may be equal to, greater, or very much less than that

originally possessed.

It is at least possible that, by suitable variations of the important
factors of total amount, dose, and interval, one might be able to devise

a practical method which would enable the majority of animals to be
be rendered tolerant.

It should certainly be possible to find a safe method of inter-

rupted ” feeding, with the shortest possible intervals, and the avail-

ability of such a method would in some instances prove of the greatest

importance to farmers.
In the case of Matricaria intoxication, for instance, one of the

most serious aspects is the fact that the occurrence of the weed, the
eradication of which will require in many cases a period of years,

prevents the farmer from using what is otherwise his most valuable
grazing area, and this especially at a time of drought, when the vlei

grazing is particularly needed and of particular value.
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Acute case.

Damp vlei covered with Matricaria nigellaefoUa.



Acute case—more violent “ pushing” and holding a wisp of hay in the mouth.

Acute case



Early stage of an acute case— moderate pushing.”

Subacute case, showing irregular gait—crossing of the forelegs, etc.



Type species. Variety B. tenuior.
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Sheep Scab : The Infectivity of Kraals.
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of Veterinary Education and Research.

A.—Can an Infected Kraal Infect Clean Sheep after Seventeen
Days ?

In (lie fight against any infectious disease, it is essential to know
all possible sources of infection. It would obviously be futile to

attempt the eradication of such a disease if reinfection of the animals
were to occur continually from some unknown and unchecked source.

In the case of scab, the possibility of the kraal acting as a source

of infection has always loomed largely in the minds of farmers and
others dealing with this disease. If, as has often been stated, the

scab parasites can remain alive in a kraal for periods up to one or

two years, then it would appear hopeless to stamp out the disease

by means of dipping, unless at the same time the kraals and other

sleeping places of the sheep were effectively disinfected. Any one
acquainted with sheep farming in South Africa will recognize what
a difficult proposition this would be. It wTas, therefore, of the utmost
importance to settle beyond doubt the question whether or not sheep
kraals could harbour the scab infection for any length of time.

The first accurate experiments to settle this question were carried

cut by Shilston (1916) at Pietermaritzburg. The results of these

experiments are recorded in the third and fourth reports of the Direc-
tor of Veterinary Research, p. 71-98. The earlier literature dealing
with this subject is also reviewed in Shilston’s article. Bedford at

(Jnderstepoort repeated the same experiments and arrived at essen-

tially the same conclusions. Both workers found that if infected
sheep are remoA^ed from a kraal and the kraal left empty for a period
of, say, ten days, the danger of infection will have disappeared. After
this period, clean sheep can be put in the kraal with safety; no
infection will occur. The explanation for this is obviously that the

scab parasites must either be dead after this number of days, or must
be so weak that they will no longer infect clean sheep. In order to

be absolutely safe, farmers were advised to leave infected kraals

empty for a period of sixteen days.

It may be added here that some enterprising farmers who were
sceptical about the truth of this general conclusion, repeated the
experiment for themselves, and were able to prove to their own
satisfaction the non-infectivity of an infected kraal after having been
left empty for a period of sixteen days.

There were, however, others, and among them some very pro-

gressive and intelligent sheep farmers, who were not convinced by
the above experiments. A number of objections were raised, and it

must be admitted that some of these w*ere absolutely valid. The main
objections can be summarized as follows:—

1. That the experimental conditions were not sufficiently natural.
It was argued that results might easily be obtained under laboratory
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conditions that would not apply to ordinary farm conditions. It was
specially urged that the numerous crevices in the stone kraals

generally used on sheep farms, present particularly favourable hiding-

places for the scab mites.

2. That the kraals should contain sufficient manure. Many
farmers believe that the scab parasites will remain alive under the

manure even though they may die on the surface.

3. That the infection of the kraal was not severe enough. The
stronger the infection, the greater the likelihood that some of the

numerous parasites dropped in the kraal will remain alive.

4. That the test sheep should not be dipped before being placed
in the kraal after the interval of sixteen days. In most of the experi-

ments referred to above, sheep supposed to be free of scab were taken
for the test and were dipped once or twice in order to kill any para-

sites that might have been present on them. The sheep were then
washed in clean water so as to remove all traces of the dip. In spite

of this latter precaution, farmers argued that some of the dip might
still adhere to the fleece and might act as a deterrent to the mites.

The idea was expressed that infection might have occurred if clean

noil-dipped sheep had been used.

5. 'That too few sheep had been used for the tests, the farmers’
contention being that as many sheep as possible should be put in the

kraal after the interval, so that they would be forced against the walls

of the kraal and the parasites so find a better opportunity of infecting

them. The underlying idea is that a large number of sheep stand
a better chance of picking up the infection than a few sheep.

6. That the manure in the kraal should be dug up. It is a

general belief that if the manure in a previously infected kraal is

dug up, even after many months, the parasites or their eggs will be
brought to the surface and will be able to set up a new infection.

7. That the various tests had not been continued long enough.
In the previous experiments the test sheep were kept in the kraals

or stables for periods ranging between a few days and a few months.
The sheep were then examined and if found free of scab, it was con-

cluded that the kraal did not contain the infection, and the sheep were
discharged from the experiment. Various farmers were of opinion
that if the sheep had been kept in the kraals, say, for a whole year,

more of the experiments would have been positive. They quoted
their own experiences which led them to believe that the infection

could remain dormant for many months and then break out. They
also referred to the observations of Shilston on the retarded rate of

multiplication of scab parasites under unfavourable conditions, and
to the conclusions he deduced from them.

In the experiment recorded in this paper, an attempt was made
to meet all these objections.

1. Unnatural Conditions.—A rectangular, jackal-proof wire

enclosure measuring approximately 80 x 40 yards was put up about
half-a-mile away from the laboratory stables and camps. The site

chosen contained a fair number of mimosa trees, so that the sheep
could have both sun and shade. Near the middle of this camp a

stone kraal was built. (See Figs. 1 and 2.) Rough granite blocks
were used for the purpose, and these were packed in the same way
that sheep farmers gen ex-ally adopt in building their kraals. The
kraal measured 17 ft. square on the inside

;
the walls being two feet
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thick and about 4 ft. Cl ins. high. Many farmers and other visitors

inspected this kraal and camp, and all declared that the conditions

obtaining on an average sheep farm had been adhered to in every
detail.

2. Manure in Kraal .—In order to make sure that the kraal

should contain sufficient manure, sheep manure was carted from our
sheep stables before the commencement of the experiment and was
deposited in the kraal. At the conclusion of the experiment, the

kraal contained at least one foot to eighteen inches of manure.

3. Severity of Infection .—From the beginning, it was the inten-

tion to disarm criticism on this point and every endeavour was made
to infect the kraal as heavily as possible. The first batch of scabby
sheep, twelve in all, were received on the 15th October, 1920, and
left in the camp till the 5th February, 1921. The infection in these

sheep was very mild and showed signs of disappearing. These
animals were, therefore, considered unsuitable for the experiment;
they were dipped on the date mentioned above and disposed of.

Another lot of twenty-seven scabby sheep were put in the camp on
the 18th February, 1921, and a further lot of fifty-seven on the 2nd
March, 1921. Some of the.se animals were fairly heavily infected,

and the disease spread rapidly to the others. Before long every one
of these eig'hty-four sheep was grossly infected with scab. The sheep
were kraaled at night (5 p.m. to 6.30 a.m.) and allowed to run in the

camp during the day. Soon these animals presented a very dismal
appearance. The wool dropped out over large areas of the body.
The sheep lost rapidly in condition. After a time some of them were
unable to walk and remained lying in the kraal where they had to

be fed and watered. (See Figs. 3, 4, 5, and 6.)

Meanwhile the kraal and camp were becoming grossly infected

with scab. Live parasites and their eggs were falling off the sheep
and were being rubbed off against the stone walls of the kraal and
the trees in the camp. Everywhere tufts and bunches of scabby
wool could be seen lying about or adhering to the trees. (Fig. 7.)

Towards the end of March the first deaths from scab and poverty
began to occur. The heavy rains that fell during this period and
the worm infection which most of the sheep showed, aggravated the

condition. Soon the mortality was so severe that the experiment had
to be discontinued. If ever it had been doubted that scab was a fatal

disease, this experiment would have removed that doubt.

On the 4th May, 1921, only twenty-seven sheep out of the eighty-

four that were present in the kraal on the 2nd March were alive

;

the other fifty-seven had died in the enclosures and had assisted in

bringing about the gross infection with scab. These twenty-seven
sheep were clipped in the kraal and the tfcabby wool left in it. (See

Fig. 8.) They were then removed from the camp, dipped, and then
transferred to another experiment.

It will be seen, therefore, that the kraal and camp, from the 2nd
of March to the 4th of May, harboured eighty-four scabby sheep,

fifty-seven of which died in the camp during that period. The infec-

tion of the kraal on the latter date was extremely severe.

The cami'p was then left empty for seventeen days, viz., from the
4th to the 21st May, 1921. (It was the intention to leave it empty
for sixteen days, in conformity with earlier experiments, but owing
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to an oversight of an assistant, the test sheep were only put in the
kraal on the seventeenth day.)

4. Dipping of Test Sheep.—In order to obviate the necessity of

dipping the test sheep, 100 in number were obtained from a clean
farm in the Free State. These sheep had not been dipped for more
than twelve months previously. Every precaution was taken to exclude
infection during transport and on their arrival at Onderstepoort,
the sheep were placed in a thoroughly disinfected stable. They were
divided into ten lots of ten each, and placed in ten separate pens.

Several of them were carefully examined, but no signs of scab could
be detected. The wool of some of them contained lots of burr-weed
and other seeds, which caused some irritation when in contact with
the skin.

These sheep were never dipped during the whole time they were
in the experiment, and had not been dipped, as already stated, during
the twelve months or more preceding the experiment.

5. Number of Test Sheep .—On the 21st May, 1921, six sheep
were selected from each pen and these sixty sheep were transferred
to the camp described above. (Fig. 9.) The other forty sheep were
left in the stable and acted as controls. They remained here till the

15th August, 1921, when they were discharged. During that period

these control sheep were examined almost daily, but never could a

sign of scab be detected on them.

The sixty test sheep in the kraal were treated in exactly the

same way as the previous ones that had occupied the kraal. They
were allowed to run free in the camp during the day and were
kraaled at night.

As stated above, the kraal measured IT ft. x IT ft. The sixty

sheep, therefore, had only just sufficient room in it to move freely.

Some of the sheep were always being forced against the walls, and
every opportunity was offered to them to pick up the infection.

6. Digging up Manure .—In order to comply with the wishes of

the farmers, the manure in the kraal was dug up on the 18th Novem-
ber, 1921, i.e. about six months after the commencement of the

experiment. (See Fig. 10.) The process was repeated three months
later, i.e. nine months after commencement. Thus every chance was
given to the parasites or their eggs to come to the surface and infect

the sheep with which they were bound to come in contact daily.

T. Duration of Test.—It was considered advisable to continue

tbe experiment as long as possible in order to remove this last and
most valid objection of the farmers.

The test was commenced on the 21st May, 1921, and discontinued

on the 22nd May, 1922. It, lasted therefore a full gear.

During this time the sheep were examined almost daily. When-
ever a sheep showed the slightest sign of itching, it was caught and
carefully examined with a lens. Others of the flock were also sub-

jected to minute examination.

The experiment was on various occasions demonstrated to experts

and other distinguished visitors. The former included all the high

officials of the Sheep Division, who were unanimous in the opinion

that there was no trace of scab in tbe flock. The latter included the

Minister for Agriculture, other Cabinet Ministers and some high

Government officials, several prominent and progressive sheep farmers
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and others; these again declared the experiment to have been abso-

lutely convincing and to have removed the last trace, of doubt that

might have been present in their minds about the non-infectivity of

kraals.

These sheep improved in condition as the experiment proceeded
and the wool grew very long; they, therefore, presented a very fine

appearance at the end of the experiment, as the illustrations will

show. (See Figs. 11, 12, and 13.)

Before discharging the sheep on the 22nd May, 1922, they were
again examined and found to be completely free of scab.

Conclusion.

This experiment can be taken to have proved conclusively that

an infected sheep kraal, if kept free of sheep for a period of seventeen

days, will no longer be able to infect clean sheep.

B.—Can an Infected Kraal Reinfect Scabby Sheep Immediately
after Dipping?

In the course of a discussion with the Chief of the Sheep Divi-
sion and his Principal Sheep Inspector, the latter expressed the
opinion that if scabby sheep were properly dipped, they could with
safety be returned to the infected kraal. The assertion was so bold
that it was decided to carry out an experiment to test its correctness.

It was considered advisable to conduct this experiment under the

same rigorous conditions imposed in the case of experiment A,
recorded above. The points can be dealt wTith in the same order.

1. Unnatural Conditions .—A jackal-proof wire enclosure and a

stone kraal of the same dimensions as those described above were
erected by the side of the the other camp. A space of 36 feet

separated the two fences. Fig. 14 illustrates the relative propor-

tions of the camps and kraals. All the details given above for the
kraal and enclosure used in experiment A, apply to those used in

this experiment as well.

2. Manure in Kraal .— Sheep manure was carted into the kraal.

At the end of the experiment more than a foot of manure covered
the floor.

3. Severity of Infection .—The same precautions were observed
and the same procedure followed as in experiment A. On the 18th
February, 1921, 32 sheep, some of which showed lesions of scab, were
put into the camp, and on the 2nd March, 1921, a further lot of

thirty-six partly scabby sheep were added.
The infection spread amongst these sixty-eight sheep in the same

way and at the same rate as amongst those in camp A. Before long
the kraal and camp were grossly infected. (Figs. 15, 16, and 17.)

Deaths began to occur from the end of March onwards. By the
9th May, 1922, only eighteen out of the sixty-eight sheep were still

alive. These were in a very poor condition and literally covered
over with scab lesions.

On the 9th May the eighteen sheep were shorn in the kraal, where
the wool and scabs were allowed to remain. (Fig 18.) The sheep
were then transported to the dip and immersed for two minutes in

a standard home-made lime and sulphur bath prepared according
to the regulations,
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From the dip the sheep were taken straight hack to the infected
camp and left there. Again these sheep had to sleep in the grossly
infected kraal, the floor of which was practically covered with a thick
layer of scabby wool. During the day they ran in the infected
camp. (Fig. 19.)

Nine days later, i.e. on the 18th May, 1921, the sheep received
their second dipping. They were carted from the kraal to the dip
and straight back to the kraal Some of these sheep weie so weak and
emaciated that they could not stand the dippings, especially as these

had to be carried out in cold weather. Consequently several of them
succumbed. The following table shows the fate of these sheep :

—

Sheep
No.

Put into
Experiment.

First
Dipping.

Second
Dipping. Result.

Discharged from
Experiment.

2025 18/2/21 9/5/21 18/5/21 Died, 25/5/21 _
2143 ,, Recovered 22/5/22
2804 Died, 11/6/21 —
2898 Recovered 22/5/22
3000 Died, 20/5/21 —
3042 Recovered 22/5/22
3043 Recovered 22/5/22
3045 Recovered 22/5/22
3049 Died, 18/5/2] —
3050 Died, 13/5/21 —
3236 Died, 20/5/21 —
3237 Recovered 22/5/22
3241 Recovered 22/5/22
3244 Recovered 22/5/22
3283 Died, 22/5/21 —
3331 3/3/21 Died, 10/5/21 —
3349 Died, 2/6/21 —
3356 Recovered 22/5/22

It will be noticed that two sheep died between the first and
second dipping, and four within a few days after the second dipping.

All these sheep had extensive scab lesions on their skin and it is

quite likely that the immediate effect of the dip hastened their death.

All the sheep that died were carefully examined. No live parasites

could be found on them. The cause of death was found to be

kachexia due to scab, general debility, and exposure. The remark-

able part of the experiment was not that so many sheep died after

dipping, but that any of them recovered.

In the case of every one of these sheep that received two dippings,

the scab infection was immediately cured. Those sheep that had
sufficient vitality left in them to withstand the immediate effect of

dipping and the general adverse conditions soon began to improve

in condition.

Of the eighteen sheep that were alive in the camp on the date

of the first dipping (9th May, 1921), nine died within fifteen days,

the remaining nine sheep remained alive for the whole duration of

the experiment.
These sheep were examined regularly, almost daily. Not a

single live scab parasite was found on them at any time after the

two dippings ! It must be emphasized again that apart from the few

hours absence during dipping, these sheep remained in the infected

camp without any interruption. They were bound to come in con-

tact with the infected wool and other objects, but in spite of this they

did not get reinfected.

Soon the wool began to grow again on the bare patches and the

general appearance of these sheep to improve. The accompanying

illustrations (Figs. 20 and 21) show this improvement clearly.
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In conformity with experiment A, the manure in Kraal B was
dug up on the same dates as in the former experiment (see p. 226,
point 6). The idea was again to give the parasites that might have
been hidden in the manure an opportunity of getting to the surface
and reaching the sheep. In spite of this no infection occurred.

7. Duration of Test .—The same arguments that induced us to

carry on experiment A for a full year also applied in the case of

experiment B. The test was, therefore, continued for over a year,

i.e. from 18th May, 1921 (date of second dipping) to 22nd May, 1922.

On the latter date the nine sheep wrere discharged from the experi-

ment. They were again examined and found to be free of any
suspicion of scab. By this time they were in prime condition and
their wool had grown to a considerable length. (See Fig. 22.)

Conclusion.

From this result it can be concluded that in the experiment
carried out by us under the most rigorous conditions, an infected

kraal was unable to reinfect a number of sheep that had been suffering

from scab, had then been dipped twice at nine days’ interval, and
had immediately been returned to the infected kraal.

Discussion of Results.

The main object in the above experiments was to establish the
value of dipping- as a means of eradicating scab. If, as stated in

the introductory remarks, it were found that kraals could harbour
the infection for long periods the task of stamping out the disease

by means of dipping alone, would become wellnigh impossible. If

on the other hand, it were found that the kraal infection played a

negligible role in the propagation of the disease, the value of dipping
would be greatly enhanced.

The above experiments have fully vindicated the policy of the

advocates of dipping. They have shown that the possibility of scab
infection originating in the kraal is very small indeed. Experiment
A has proved that if a grossly infected kraal be left empty for seven-

teen days, clean sheep can be put into it with perfect safety. And
experiment B has shown that even this period is unnecessary provided
the sheep he dipped properly.

The final conclusion to be drawn from the experiments is then
that thorough dipping is the only thing necessary for the complete
eradication of scab from a flock. It is unnecessary to worry about
the infection of the kraal; the only precaution to be observed is to

prevent the reintroduction of the disease from outside sources. Tins
conclusion seems to justify the hope that scab will in time be com-
pletely exterminated by means of dipping.

14
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Fig. 1.—Stone Kraal in which the Experiments were conducted.

Fig. 2.— Kraal and Camp used in the Experiments.



Fig. 3.—Some of the Scabby Sheep in Camp A.

Fig. 4. —Scabby Sheep in Kraal A.



Fig. 5. — A badly infected Sheep.

Fig. (5.—A Scabby Sheep in the last stages of the Disease.



Fig. 7.—A Mimosa Tree in Camp A with wool from Scabby Sheep attached.

Fig. 8 .—The floor of Kraal A, showing the scabby wool that had dropped
off and had been clipped off the Infected Sheep used in

Experiment A.

Kig. 9.—The 60 Clean Test Sheep med in Experiment A.



Fig. 10.—The ttcor of Kraal A with manure dug up.

Fig. 12.—The Test Sheep in Experiment A after 9 months (February, 1922).



Fig. 13.—The Test Sheep in Experiment A after 12 months (May 1922).

Fig. It.—Camps and Kraals used in Experiments A and B.



Fh;. 1 H. — Scabby Sheep in Kraal B.



Fig. 17 .
—Two badly Infected Sheep in B Kraal.

Fig. 18 .—The floor of Kraal B with scabby wool.



Fig. 19.— Sheep in Camp B after dipping.

Fig. 20.—Some of the fame Sheep after (> months (November, 1921).

The animal in the foregiomid marked D.O.B. was transferred from Camp A to
Camp B on 4th August. 1921, at the suggestion of a farmer who wished to see
whether this clean undipped sheep would be able to revive the infection in Camp
B. The results were entirely negative.



Fig. 22.—Some of the Sheep in Camp P> after 12 months (May, 1!)22).
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Sweating Sickness in Calves.
(PRELIMINARY REPORT.)

By P. J. cr T’oit, B.A., Ph.D., Dr.Med.Vet., Deputy-Director of

Veterinary Education and Research.

Foreword.

Most of the information recorded in the following preliminary com-
munication was obtained in the course of an official visit, from 25th
January to 29th January, 1922, to the “ Swaziland Ranching and
Development Co., Ltd.,” Natalia, Swaziland. It concerns a specific

disease of calves, the etiology of which is still unknown.

Definition.

The popular term “ sweating sickness ” owes its origin to the

most noticeable symptom of the disease; a profuse perspiration over

parts of the outer skin. The visible mucous membranes may also be

affected. In the cases personally observed, no very striking

post-mortem lesions were macroscopically visible. Microscopic
examination, however, showed a marked haemorrhagic glomerulo-
nephritis which, taken in conjunction with the reddening of the skin

and subsequent shedding of the outer layers of the epidermis, gives

the disease, a distinct resemblance to scarlet fever in the human
subject.

The disease only appears during the hottest summer months, and
as a rule only attacks calves up to about eight months of age. The
mortality may be as high as 75 per cent, to 80 per cent.

Synonyms.
The natives in Swaziland call the disease “ forna,” which means

sweating. In parts of the Transvaal Bushveld the disease is known
among the Dutch farmers as “nat kalwersiekte ” (wet calf disease).

It has also been referred to (probably erroneously) as “ bacillary

necrosis .”

History.

It seems not unlikely that this disease, like so many otlies, came
from the north. In Rhodesia, it has recently been rather prevalent,

and attracted the attention of the veterinary authorities a few years
ago. In Swaziland it is supposed to have been enzootic amongst the
native herds. On the Natalia Ranch, the disease was noted some
years ago amongst the native cattle at the kraals Isongongo and
Mavinbela on the Usutu River. European cattle, were brought on to

the property in 1913, and in 1917 were grazed for the first time over
the area previously occupied by these native kraals. During that
year the first cases of “ sweating sickness ” were reported among the
ranch cattle.

Incidence.

In Rhodesia the disease is widespread. In 1919 the Chief Veter-
inary Surgeon reported it as being present in many districts. South
of the Zambesi it has been reported from several parts of Swaziland,
especially from the warm middle veld and the sub-tropical low (bush)
veld

;
from Greytown and other districts in Natal

;
from Pienaars

River, .the Springbok Flats, and Zeerust in the Transvaal; and froiv
Griquastad and the Mafeking districts in the western area.
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Tlie cause of sweating sickness is still obscure. Fresh blood and
stained blood-smears have been examined with negative results. No
specific organisms could be detected in cultures made from the blood,
from a fleeted parts of the skin, from the deposit which is sometimes
present on the mucous membranes, or from various internal organs
(spleen, liver, etc.).

Various experiments have been undertaken to determine whether
the disease is of an infectious nature. In February, 1919, the Govern-
ment Veterinary Bacteriologist of Southern Rhodesia described an
experiment in which the blood of an infected calf had been inoculated
into two healthy calves; no reaction followed.

In Swaziland a series of experiments was also conducted to

determine the nature of the disease, transmission being attempted

(1) by contact of healthy and sick calves, (2) by inoculation of the
blood of an infected calf' into two healthy calves, (3) by rubbing the
diseased skin of infected calves on the scarified skin of healthy calves,

and (4) by rubbing the diphtheritic membranes and saliva of diseased
calves on the gums of healthy calves. All these experiments gave
negative results.

Fresh blood collected in Swaziland from the jugular vein of two
calves (Cases 5 and 7, Appendix 1) in the acute stage of the disease

was mixed with a sterile solution of sodium citrate and brought to

Onderstepoort. Of the blood of Calf No. 5 collected on the 29th
January, 1922, 20 c.c. was injected intrajugularly into each of the
two calves, D O.B. 233 and 279, on 2nd February. On the same date,

Calves D.O.B. 280 and 282 received 20 c.c. each, intravenously, of

the blood from Calf No. 7 collected on 28th. In both cases the blood
was perfectly sterile when injected. The four inoculated calves were
kept under close observation for four weeks, but no symptoms of

sweating sickness developed, neither did the temperature show any
rise.

Another experiment was carried out in January, 1923. A calf

(No. 587, Appendix I) suffering from sweating sickness was brought
from The Bourke Trust Co., Middelkop Estate, Springbok Flats, in

the Waterberg District, to the Laboratory on the 23rd January and
placed in close contact with two young sucking calves (Nos. 555, 4
weeks old, and 565, 3 weeks old). Blood was taken from the sick

calf, and 10 c.c. immediately injected in the fresh state into the
jugular vein of each of two sucking calves (547, 5 weeks old, and
550 4 weeks old) and two weaned calves (418, 31 months old, and
423, 3 months old). These animals were kept under close observation
for six weeks. In the case of calf 550, a number of red spots appeared
on the hard palate about a week after the injection, but since they
soon disappeared, it seems more likely that they were simply due to

irritation caused by hay which the calf tried to eat, than that they
represented a symptom of the disease. All the other calves remained
perfectly healthy and their temperatures normal. This experiment
must, therefore, also be considered negative.

Epizootology.

In spite of the negative, transmission experiments recorded above,

there are good reasons for regarding sweating sickness as an infectious

disease. The way in which it has spread on the Natalia Ranch sug-
gests some mode of infection. As already mentioned, the first cases
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were recorded at Little Bead, one of the out stations on the Fsutu
River, in 1917. The hospital was then at Big Bend, another out-

station some twelve miles further down the Usutu. The sick animals
were sent to the hospital, and in 1918 the first cases of sweating
sickness occurred in the herds at Big Bend. During the following
years the disease spread gradually among the grade herds on the
south-eastern portion of the estate. In January, 1922, it had not
reached the pure-bred herds at headquarters (in the centre, of the

property), thanks to the strict control exercised over the movements
of cattle from east to west. Early in February, however, a case

occurred in a herd at headquarters. The animal affected was a calf

born of a cow that had come from Little Bend the previous season.

Whether any significance should be attached to this fact, it is

impossible at present to say. Further cases then appeared at head-
quarters, especially in the Hereford herd where the disease had first

broken out. It also spread to the Angus herd, which is kept about
three miles away from the Herefords but mixed with them at the

dip. Finally, other herds were also affected.

A study of the spread of the disease among the grade herds on
the south-eastern portion of the estate also leads to the conclusion

that the “ infection ” must have been carried from one herd to the

other. The herds are kept a few miles apart, hut mix at the dips,

and in some instances, at the drinking places. It is significant that

no case has yet appeared in herd 8, which is kept on the extreme
north-easterly border of the property, on the Enyazana River, and
which does not mix with other herds.

The number of deaths from sweating sickness has gradually
increased. In 1919 there were altogether 13 deaths, in 1920 there

were 34, and in 1921 no less than 103 deaths were recorded. As with
so many infectious diseases, it has been observed in sweating sickness

that the outbreak begins every season with one or two isolated cases,

after which there is a pause; and that then only does the disease

spread in epizootic form.
The most remarkable fact in connection with the incidence of

sweating sickness is that cases occur only during the hot summer
months. In Swaziland no certain cases have been observed before

January, and few occur after March. About 50 per cent, of all the

cases fall in February. In the accompanying charts (figs. 1, 2, and
31. the mortality curves have been plotted for the years 1918 to 1921,
rainfall and the average temperature being also shown on the same
charts. It will he noticed that the apex of the mortality curve
coincides with, or follows immediately after, the maximum average
temperature. On the other hand, there seems to be no correlation

between mortality and rainfall. In 1918-19 and in 1919-20 the mor-
tality came after the heavy rainfall, in 1920-21 it came before, and
iii 1921-22 the country was experiencing a se.vere drought when the
disease was raging among the calves. This fact is significant since
it is a general belief amongst the natives that the disease is caused
by exposure, of the calves to excessive rain. This view is undoubtedly
erroneous.

Altitude does not seem to be an important factor in the incidence
of sweating sickness. The, greater portion of the Natalia Ranch is

only 200 to 000 feet above sea-level. The midland plateau of Swazi-
land, where the disease is also prevalent (e.g. at the Royal Kraal
Zomhodi), is some 2,000 feet high, and in the, Transvaal the disease
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occurs 3,000 to 4,000 feet above sea-level. The only common factor

in these areas is the high summer temperature.

Transmission.

It would he futile at this stage of the investigations to speculate
about the possible, mode of transmission of sweating sickness. As long
as the etiology remains obscure, there is little hope of solving the
transmission problem. Our knowledge so far is mainly of a negative
character. There appears to be definitely no infection by contact.

All the facts recorded above rather point to the conclusion that some
sort of' carrier is responsible for the spread of the disease. In Swazi-
land a host of sucking and biting flies, as well as ticks, are present,

and it is difficult to know which of these lo incriminate. The fact

that the disease is only present for a comparatively short period
during- the hottest summer months, seems to point to some transmitter
which is particularly abundant during that time. We know of no
insect or tick which is active only during that period, but on the other
hand, it should be borne in mind that heartwater, for instance, is

also present only for a portion of the year, whereas its transmitter,

the bont tick, can be found all the year round
;
also that in the case

of the “ paralysis tick,” the presumably related disease only appears
for a very short period at the beginning of winter.

The fact that sweating sickness can not be communicated to

susceptible animals by means of blood inoculation seems to speak
against the hypothesis of its transmission by a blood-sucker. But here
ag’ain, the case of East Coast fever should not be overlooked where
exactly the same conditions obtain.

Symptomatology.

The onset of the disease is, as a rule, sudden. The calf may
appear perfectly healthy in the evening, and show pronounced symp-
toms early next morning.

The animal looks dull, with ears diooping, eyes sunken, and coat

staring. The temperature is always high in the early stages. The
accompanying charts (figs. 4. and 5) show the temperatures of two
three-months old calves which contracted an acute and fatal form
of the disease and showed 107° and 105° F. respectively when first

noticed ill. In other cases 108° was reached.
It appears that this initial rise of temperature is the first symp-

tom of the disease, but that return to normal is rapid, irrespective of

the course the disease takes.

The skin over the body feels hot, the extremities cold. In most
cases sweating sets in at an early stage. The areas chiefly affected

are the cheeks below the eyes, the nose, the, base of the ears, the
mane and sides of the neck, the areas behind the elbows and below
the, upperarms, the flanks, and the inguinal region. In severe cases

the skin all over the body may be involved. Actual sweating, i.e.

beads of perspiration on the hair, can generally be seen in the early
morning only. If the animal is examined later in the day no moisture
is noted, although the skin feels hot and clammy, and the hair has
a matted appearance. In these sweating areas the hair is often
extremely loose and can be pulled out very easily; coming out in

tufts with the epidermis attached and leaving the skin raw under-
neath. Also in adjacent areas the hair frequently comes out with
ease. The skin becomes very sensitive, and the calf instinctively
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seeks shade to protect itself against the rays of the sun. If' the process

continues for some days, the skin becomes so tender that the slightest

touch will cause the animal to crouch. In these cases a faint, sickly

sour odour is emitted by the skin, particularly noticeable when the

animal is kept in a stable or shed.

Other early symptoms are lachrimation and salivation. The sick

calves in a herd can generally be picked out by these symptoms. The
conjunctivitis may be slight at first but becomes more intense later.

In rare cases the cornea becomes affected, resulting in opacity.

In the early stages of the disease froth can be seen at the coiners

of the mouth and the flow of saliva is incessant. On opening the
mouth a slight reddening of the mucous membrane is observed. As
the disease progresses the alterations become more severe until the

mucous membrane becomes eroded in parts. Severe erosions, covered
with a whitish-yellow diphtheritic pseudomembrane, have been seen

on the gums, on the inside of the lips, on the hard palate, and at

the base of the tongue. This condition is obviously very painful to

the calf, even in the early catarrhal stage. It will attempt to suck,

then let the teat go, and after a few seconds try another. Later on
it will refuse, food altogether, but will drink water readily; apparently
because the cold water relieves the pain, whereas the food causes
irritation to the inflamed mucous membrane. A continued grinding
of the teeth is a common symptom in severe cases.

No disturbance in the digestive system has been observed. The
appetite appears to remain good. TUarrhoea was never observed in

calves kept under natural conditions.

The nasal mucous membrane may show the same changes as that

of the mouth. There may be a copious serous discharge from the
nostrils. The mucosa is reddened at first, and later becomes covered
with a pseudomembrane. The breathing is not infrequently
obstructed, and the animal shakes its head continuously in attempts
to get rid of the irritation and the obstruction in the nose. The rate

of respiration is rarely increased. The lungs remain normal.
In a few cases, which came under observation, the mucous mem-

brane of the vagina showed a diphtheritic pseudomembrane similar
to that observed in the mouth and nose.

The pulse does not seem to be altered by the disease.

The nervous system is not affected as a rule. A case was reported,

however, in which a diseased calf became very aggressive.

In one instance (see Appendix I, Case 10) a calf suffering from
sweating sickness showed an affection of the carpal joints. The
forelegs were flexed in these joints, and when the animal attempted
to rise it fell forward on its nose. This condition, however, dis-

appeared spontaneously in the course of a few days.

The course of the disease is acute. In fatal cases death may
follow two to four days after the appearance of the first symptoms.

If the disease takes a non-fatal course the symptoms will abate
after three to six days, and recovery will be complete after about
seven to fourteen days. The sweating ceases and the reddening of

the skin disappears. The skin becomes thick and forms folds; its

surface becoming covered with loose epidermis. The hair falls on*
and leaves bare patches on the skin. Some calves aie almost devoid
of hair on recovery, new hair only appearing slowly. The brush of

the tail in many cases is permanently lost.
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Pathogenicity.

Sweating sickness is a disease of calves only. Full-grown cattle

are not susceptible. This resistance of adult cattle cannot be
explained—as in the case of so many other diseases—on the sup-
position that they passed through the disease as calves. On the
Natalia Ranch adult cattle were continually being’ imported from
overseas, so that susceptible animals were always available, but no
case of sweating sickness was ever observed amongst them.

The younger the calf, the greater is the susceptibility. The
greatest number of cases was observed in calves of three weeks to six

months. It is rare for a calf more than twelve months of age to

become infected, although a few cases are on record of calves nearly
two years old contracting the disease.

Sex lias no inllnence. In the 1922 outbreak 48 per cent, of the

affected animals were males and 52 per cent, females.
Sweating sickness has not been known to attack animals other

than cattle. Since, however, artificial transmission has not yet been
successful even with calves, it has not been possible to ascertain

experimentally whether other species of animals are susceptible.

Mortality.

It is difficult to quote reliable figures. The Chief Veterinary
Surgeon, Southern Rhodesia, in 1920 assumed a mortality of 75 per
cent. The manager of the Natalia Ranch, Swaziland, considers that

in 1919 only 5 to 10 per cent, of the affected calves recovered, and
in 1920 about 20 per cent.

More accurate data are available for the 1921-22 outbreak in

Swaziland. On the Little Bend section of the ranch 131 calves were
affected and 45 died, representing a mortality of 34 per cent.

;
while

at headquarters 29 were affected and 4 died, i.e. 14 per cent. The
total mortality was, therefore, just about 30 per cent.

The morbidity is low. On the Little Bend section there were at

the time of the outbreak 1.174 calves and 307 heifers, making a total

of 1,481 susceptible animals, of which 131 contracted the disease, i.e.

approximately 9 per cent. It should be remembered that at head-
quarters the disease only broke out several weeks after its appearance
at Little Bend

;
further that only a comparatively small number (159)

of young calves were there, the large majority of young animals being-

heifers (1,327) and steers (2,441) rather above the susceptible age.

The figures are, therefore, not directly comparable with those quoted
above for Little Bend. It is, however, of interest to note that only
0 8 per cent, of the total number of “ susceptible ” animals con-

tracted the disease and that of these 14 per cent. died.

It seems safe to conclude . from these observations that both the

morbidity and the mortality decrease with advancing age. The older

the calf, the greater its chance of escaping infection and of recovering

should it get infected.

One other aspect of this question should be noted. If the earlier

observations on the Natalia Ranch are correct, then it would appear
that the mortality is gradually decreasing. If this should prove to

be the case, it could only be explained on the assumption that the

disease is gradually losing its virulence. An acquired immunity could
not be assumed since a new crop of calves are affected every year and
an entirely new portion of the ranch was invaded in 1922.



239

Pathological Anatomy.

According to reports received from farmers, certain marked post-

mortem lesions were supposed to be shown by calves which died of

sweating sickness. It was stated that the liver was particularly

affected, usually presenting a mottled appearance,, and containing
a number of necrotic areas.

These reports could not be substantiated by actual examination
of cases of the disease. As a matter of fact, the carcasses presented
to the naked eye an almost normal appearance, except for the exter-

nally visible lesions already described. Microscopically, however,
various interesting changes were observed.

The skin varies in appearance according to the duration of the

disease. If the calf dies in the acute stage, an acute dermatitis is

present. Later on the skin is thickened, hyperkeratosis and necrosis

of I he deeper layers being observed on microscopical examination.
Patches of the skin are devoid of hair and loose scales of epidermis
cover these areas. Small vesicles may be present on the skin in some
cases. The sweat glands are sometimes distended.

The visible mucous membranes show the changes already
described. The same diphtheroid membrane, observed on external

clinical examination, may also cover the mucous membranes of the

nasal cavities, of the pharynx and larynx, and even of the oesophagus.
Microscopically, these tissues show signs of inflammation and necrosis.

The peritoneal cavity presents a normal appearance. The liver

may be slightly enlarged. Its cut surface looks somewhat fatty, and
the lobules may be indistinct. On microscopical examination the liver

cells show fatty degeneration and cloudy swelling, and their regular
arrangement may lie disturbed. The blood-vessels are generallv well

filled.

The pancreas shows practically no changes, although there may
be a slight liyperaemia and a hyperplasia of the islands of Langer-
hans. The spleen appears normal. Microscopically, it may show
haemosiderosis and hyperplasia.

The most interesting pathological changes are those of the

kidneys. Macroscopically, small haemorrhages may be seen on the

surface. Microscopically, signs of an acute inflammation are shown,
mainly in the form of a glomerulo-nephritis. Haemorrhages may also

be present in the cortex. Sometimes hyaline cylinders occlude the
lumen of the tubuli contorti, the epithelial lining of which shows
cloudy swelling. As mentioned before, the haemorrhagic glomerulo-
nephritis in sweating sickness bears a distinct resemblance to the

corresponding condition in scarlet fever of the human subject.

The intestinal tract usually shows no changes. There may, how-
ever, be a slight gastro-enteritis.

The lungs show no specific changes The heart may have a few
haemorrhages under the epi- or endocardium. The nervous system
shows nothing unusual.

APPENDIX I.

Clinical Obsehvations on Cases of Sweating Sickness.
Case 1.

Red bull calf, 4 months old.

26.1.22 (10 a.m.).—Animal standing with head lowered. Eyes sunken.
Salivating profusely, foam at the mouth. Hair matted with bare patches on
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both cheeks, especially below the eyes, towards the corners of the mouth, around
the ears, along the neck up to the withers, in prescapular region, behind
shoulder-blades, on flanks, between the hind-legs, especially around the
scrotum. In these areas the hair comes out very easily; tufts of hair with
epidermis attached can be pulled out. The skin is dry, no moisture present.

The calf has to be chased before being caught. It appears extremely
distressed, panting for breath, and saliva running from mouth. A peculiar
sickly sour smell is noticed near the animal. The smell seems to come from
the skin itself, and not from the mouth. Mucous membranes dirty cyanotic.
Eyes dull. No signs of diarrhoea.

(3 p.m.).—Calf in comatose condition. Killed for post-mortem examina-
tion.

Case 2.

Red heifer calf, 8 months old. Hairless patches behind ears. Small areas
of sweating on flanks. Salivation.

Case 3.

Dark red bull calf, 8 months old (see Fig. 6).

25.1.22 (6 a. m.).—First noticed ill. Calf looks dull, ears drooping. Face
moist (sweating). Went out to graze with herd.

2(j.l.22 (3.30 p.m.).—Brought in to stable. Salivating. Temperature
104.1° F. Calf lies down looking very dull. Skin behind shoulders feels hot
and moist; hair comes out very easily. E3’es dull; mucous membranes slightly

injected, muddy.
27.1.22 (6 a. m.).—Calf looking worse. Temperature 101.1° F. Eyes sunken.

Lachrimation. Sweating on mane, from withers to base of horns, between hind-

legs, especially around scrotum, behind shoulders. These parts and adjoining
portions of skin hot; extremities cold. Hair comes out very easily all over
body. Dyspnoea.

(12.30 p.m.).—Temperature 102°. Wet below eyes; somewhat moist and
hot behind elbows and between hind-legs, where hair comes out very easily.

Skin seems hard and thick, covered with loose epidermis. Calf drinks water
readily but does not feed.

(5 p.m.).—Temperature 103.5° F. No change.
28.1.22 (6 a.m.).—Sweating again present on mane and other parts men-

tioned above. Sickly sour smell given off from skin.

(2.15 p.m.).—Salivation. Lachrimation. Ophthalmia setting in (probably

caused by flies). Mucous membrane of nose covered with yellow diphtheritic

membrane. No sweating present.

(7 p.m.).—Temperature 104.6°. Pulse 100. Otherwise no change.
29.1.22 (6 a.m.).—Temperature 102.5°. Sweating under forearms and

between hind-legs.

(7 p.m.)*.—Temperature 107°. Looks very depressed. Grinds teeth. Skin
hard and hot behind elbows. No sweating.

30.1.22 (6.15 a.m.).—Temperature 104°. Very dull. Sweating slightly

behind elbows. Skin of parts where sweating has occurred is very hard and
dry; epidermis coming off.

(7 p.m.).—Animal took a little grass during the day, and seems to be
improving.

31.1.22 (6.30 a.m.).—Tucked up. Eating grass and ruminating.

(7 p.m.).—Seems to be recovering.

1.2.22 (6 a.m.).—Very much better, eating green grass. Epidermis and
hair coming off neck and shoulders, showing pink skin.

(9.30 a.m.)—Lying down on left side breathing heavily.

(3 p.m.).—Animal up again, eating grass.

2.2.22.

—Apparently recovered. Appetite good. Offensive odour given off

from skin.

3.2.22.

—Not feeding. Looking dull.

4.2.22.

—Still dull. Coat dry and very little hair on neck and ears.

5.2.22.

—Hair over greater part of neck, ears, and shoulders has come off

(see Fig. 7).

6.2.22.

—Eating well. Skin tender to touch. Otherwise normal.

* This animal and a few others were kept under observation after my
departure on the 29th January. The observations here recorded were taken

by Mr. Miller, jun., and his assistants.
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Case 4.

Black bull calf, 3 weeks old.26.1.22
(5 p.m.).—Found dead on arrival at kraal (Herd No. 4). Rigor

mortis present. Reported as having shown usual symptoms. No hairless
patches on body; but hair comes off very easily. Abdomen opened. Decomposi-
tion changes have set in. No visible alteration of liver. Carcass burned.

Case 5.

Red heifer calf, 3 months old (see Fig. 8).

26.1.22 (6 p.m.).—Apparently healthy.
27.1.22 (5.30 a.m.).—Calf looks dull; froth at corners of mouth; eyes

running. Sweating on face, mane, back, and chest. Temperature 106°.

(2 p.m.).—Sweat dried up. Hair matted where sweating had occurred.
Coat rough. Respiration increased.

(6 p.m.).—Temperature 102.5°. Mucous membranes reddened.
28.1.22 (5.30 a.m.).—Temperature 103°. Sweating practically all over

body.

(2 p.m.).—No improvement. Nasal mucous membrane inflamed covered
with yellowish white pseudo-membrane. Dirty discharge from nose. Mucous
membrane of mouth inflamed and obviously painful.

(7 p.m.).—Temperature 104°. Looks worse. Grinding teeth continually.
No sweat present, but skin feels hot and clammy.

29.1.22 (6 a.m.).—Temperature 101.2°. Sweating all over body. On back
big dewdrops have collected on hair.

(7 a.m.).—Calf looks worse. It stands with its back arched, breathing
very loudly (snoring). Respiration 24 per minute. Pulse 57 per minute, very
weak. Eyes almost closed. Salivating. Sweat still present all over body,
but gradually drying up. Skin extremely tender to touch. Diphtheritic
membrane on mucous membrane of vagina.

(7.30 a.m.).—Killed for post-mortem examination.

Case 6.

Red heifer calf, 5 weeks old (see Fig. 9).

27.1.22 (6 a.m.).—Temperature 107.1°. Sweating on face, neck, and
shoulders. Hair coming out all over body. Foam at mouth. Frothy mucous
discharge from nostrils. Eyes dull, running.

(4.30 p.m.).—Eyes sunken, lachrimation. Conjuctiva injected. Salivation.
Mucous membrane of mouth bright red. Discharge from nostrils. Mucous
membrane of nose highly inflamed, covered with white diphtheroid membrane.
Respiration increased. Bare patch on inside of thigh; hair comes out easily;
no actual sweating present.

(7 p.m.).—Very weak. Temperature 106°.

28.1.22 (6 a.m.).-—Sweating all over body. Temperature 104°.

(2 p.m.).—Looks much worse, lies down. Extensive deposit in nostrils.

Pseudo-membrane on gums. Sour smell.

(7 p.m.).—Temperature 103.6°. No improvement. Calf has difficulty in

breathing through nose. It shakes its head continually trying to shake the
secretion out of its nose. Mucous membrane of gums highly inflamed with
white pseudo-membrane. Calf feels moist on belly, but is not actually
sweating.

29.1.22 (6 a.m.).—Temperature 102°. Grinding teeth. No sweating.

(7 p.m.).—Temperature 104°. Calf very weak, has difficulty in breathing
through nose.

30.1.22 (6 a.m.).—Temperature 102°. Very slight sweating between the
legs. Animal grinding its teeth; eyes running; respiration laboured.

(7 p.m.).—Very weak. Muzzle dry and hot. Salivating freely. Coat
dry and hard.

31.1.22 (6 a.m.).—Still very weak. Breathing difficult. Dry secretion on
eyelids.

1.2.22 (6 a.m.).—Drinks a little milk, but will not eat.

(7 p.m.).—Looks a little better, but still weak.
3.2.22 (7 a.m.).-—Seems better. Eyes still running.
4.2.22 (7 a.m.)—Very much brighter.
5.2.22.—Apparently recovered. No fever. Appetite normal.

Case 7.

Red heifer calf, about 3 months old.

27.1.22 (10 a. in.).—Calf dull, eyes sunken. Coat staring. Salivating.

Wet on cheeks, on dewlap, behind shoulders. Hair falling out behind elbows
and on side of neck. Respiration 155 per minute.
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28.1.22 (8 a.m.).—Animal looks much worse. Eyes dull and sunken.
Lachrimation. Coat staring. Salivation. Hair matted, comes out easily.
Hairless patches below eyes, on neck, on shoulders, behind elbows, and between
hind-legs (see Fig. DO), Killed for post-mortem examination.

Case 8.

Red heifer calf, 4 months old.

27.1.22 (11.30 a.m.).—Calf had died early in the morning. Carcass in fair
condition. Hairless patches on cheeks, neck, behind shoulders, etc. In these
parts hair comes out very easily with epidermis attached. Skin on sides of
neck thickened showing folds, and covered with loose epidermis.

A detailed post-mortem examination was not made, only a few organs
removed and inspected. Liver somewhat swollen, central veins filled, Glisson’s
capsules indistinct. Spleen enlarged, follicles distinct, pulpa soft, easily
scraped off, trabeculae well marked. Kidneys hyperaemic.

Case 9.

Red heifer calf, 2 months old (see Fig 11)
2^. 1.22 (6 a.m.).—Sweating profusely on cheeks, neck, shoulders, thorax,

and flanks. Temperature 105°. Has some difficulty in breathing.
(2 p.m.).—Shows nothing in particular. On hard palate an erosion about

20 by 6 mm. in extent.

(7 p.m.).—Temperature 107. Grinding teeth. No sweating.
29.1.22 (6 a.m.).—Temperature 104°. Profuse sweating on sides of body.
(7 p.m.).—Temperature 105°. Grinding teeth.

30.1.22 (6 a.m.).—Temperature 102.5°. No sign of sweating. Slight
salivation.

31.1.22 (6 a.m.).—Looks a little brighter. No sign of sweating.
1.2.22 (6 a.m.).—Looks bright. Skin very dry, epidermis shedding along

neck.

2.2.22.

—Apparently recovering.

Case 10.

Red bull calf, 5 weeks old (see Fig. 12).

28.1.22 (6 a.m.).—Temperature 105°. Sweating profusely.
(2 p.m.).—Sweating behind elbows and around scrotum. Mucous mem-

brane of nose inflamed. Calf unable to rise. Forelegs are flexed in carpal
joints. When animal attempts to rise, it falls on its nose.

(7 p.m.).—Able to stand now. although legs still appear somewhat weak.
Moist behind elbows, on neck, and between hind-legs. Temperature 102.4°.

Calf drinks water readily, but will not eat.

29.1.22 (6 a.m.).-—Lying down. Quite wet on belly from elbow to knee
joint. Temperature 102°.

(7 p.m.).—Appears dull. Temperature 102°.

30.1.22 (6 a.m.).—Slight sweating on belly and sides.

31.1.22 (6 a.m.).—Calf seems to have lost its stiffness suddenly during the
night. It now walks about normally. A little sweating on the flanks.

1.2.22 (6 a.m.).—No sweating. Looks much brighter.

2.2.22 (6 a.m.).—Eyes running slightly. Otherwise normal.
3.2.22 (6 a.m.).—Shedding epidermis off neck. Apparently recovered.

Case 11.

Red heifer calf, 2 months old (see Fig. 13).

29.1.22 (6 a.m.).—Eyes dull and sunken. Lachrimation. Sweating on sides

of thorax and on nose. Mucous discharge from nose. No salivation. Tem-
perature 105°.

(7 p.m.).—Temperature 107.5°.

30.1.22 (6.30 a.m.).—Temperature 104°. Sweating on flanks. Salivating
freely. Respiration laboured.

31.1.22 (6.30 a.m.).—Appears dull. Grinding teeth. Slight sweating behind
elbows and on nose.

1.2.22 (6 a.m.).—Very dull. Tucked up. Sweating under elbows. Eyes
closed, lachrimation. Salivation. Ears drooping. Breathing with difficulty.

(7 p.m.).—Still very dull. Has eaten nothing all day.

2.2.22 (6 a.m.).—Slight improvement. Sweating slightly under elbows.

Eating a little.

3.2.22 (6 a.m.).-—Much brighter. Sweating slightly. Appetite improving.
4.2.22 (6 a.m.).-—Sweating along back and on flanks. Otherwise normal.
5.2.22 (6 a.m.).-—Hair coming out on neck and shoulders.

6.2.22.

—Apparently recovered.
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Red heifer calf, 6 weeks old (see Fig. 14).

29.1.22 (6 a. in.).—Looks very dull; eyes sunken and running. Slight
sweating on nose. Shakes head continually. Foam at mouth. On being
caught by the ear almost all the hair comes off, leaving the reddened skin
hare. Temperature 103.5°.

(7 p.m.).—Temperature 108°. Clammy feeling on flanks. Hair comes off

very easily.

30.1.22 (6 a.m.).-—Very dull. Sweating all over body. Hair comes out
very easily. The sweat has formed a yellow sticky layer over the hairless
parts of the body. Salivating copiously.

(7 p.m.).—Still very dull. Eats nothing. Has been grinding its teeth
all day long.

31.1.22 (6 a.m.).—No sweating apparent owing to rain during night. Skin
very hot over areas previously covered with sweat. Salivating. Shivering.
Eats nothing, but drinks a little water. Refuses milk.

(7 p.m.).—No improvement.
1.2.22 (6 a.m.).—Found dead. Carcass burned.

Case 13. (Calf No. 587, see p. 234).

Red heifer calf, about 2 months old (see Fig. 15).

23.1.23 (9 p.m.).—Arrived by motor-car at the Laboratory and placed in
stable.

24.1.23 (6 a.m.).—Calf is standing. Profuse perspiration has taken place
in front of and behind the shoulders, where the hair is soaked with sweat.
Sweating extends along the ribs. The sweat is hotter than the adjacent dry
skin.

(9 a.m.).—The calf is lying down. Milk given to her in a pail is taken
readily; about half a gallon drunk. Temperature 104.4° F.

(9 p.m.).—Calf is standing and looks alert. Temperature 105° F.
25.1.23 (6.30 a.m.).—Calf is standing. Profuse perspiration present on

same places as yesterday, but not so strongly marked. The muzzle is wet and
from both nostrils there is a slight discharge of serous mucus. Muscular
trembling in the shoulders. Temperature 102.2° F.

(9.30 a.m.).—Calf is lying down. It has some difficulty in rising, and
shows weakness in the hindquarters. The wet places are still present. The
skin is loose. The calf makes an attempt to defecate but only a small
quantity of faeces mixed with reddish mucus is discharged. Water is taken
from a bucket. Muscular tremors in the abdominal region. The scarlet
colour of the teats, and of the bottom of the mouth, and the under parts of
the tongue has disappeared, also the redness of the skin.

(4 p.m.).—Calf is lying down. When lifted on its feet it reluctantly
stands. It readily drinks about two pints of milk. Faeces are soft and
yellow. The calf is attentive, and drives the flies away that settle on it.

(10 p.m.).—Calf is lying down stretched out on its right side. Respiration
practically normal. Froth in the nostrils, causing some obstruction in
breathing. Skin is warm.

26.1.23 (6.30 a.m.).—Calf lying in same position. Respiration fairly slow.

(10 a.m.).—When raised calf stands, but shows some staggering when
walking. The skin is warm. Wet patches of perspiration are present before
and behind the shoulders, but these are not so marked as on previous days.
The hair is matted. On the upper gums is a transverse patch of yellow sub-
stance. On the lower surface of the tongue is a small wound. The teats are
not as red as before, but the skin around them is still markedly reddened.

(4 p.m.).—Calf has been standing during day. Now lying in sterno-costal
position. Milk is readily taken. Temperature 105° F. Urine clear. Skin
warm.

(10 p.m.).—Calf is standing.
27.1.23 (7.30 a.m.).—Calf has been drinking milk from the bucket. No

sweating is noticed.

(9 a.m.).—Calf is standing. It is fairly attentive, but not lively. Head
and neck are held in a stretched position. On the places where sweating has
been noticed during the previous days the skin now appears wrinkled. The
hair is partly matted and the coat rough. On touching the side of the chest
the calf flinches. The skin is somewhat hardened and rough and thrown into
thin folds. The surface of the skin shows a scurf-like deposit, which cannot he
removed. The teats show a normal colour and are also wrinkled. The rough-
ness is also felt on the skin of the abdomen. Faeces half solid, mixed with
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mucus. The diphtheritic deposit on the gum is more distinct to-day and
begins to slough at one end.

(4 p.m.).—Calf has some difficulty in getting up. Milk is taken readily.
Dirty mucous discharge from both nostrils. Calf coughs occasionally.

28.1.23 (9 a.m.).—Calf looks thin; it has lost in condition during the last

few days. The skin is still painful. The muzzle is wet, and there are present
some discoloured irregular patches of deposit, indicating superficial desqua-
mation of epithelium. The discharge from the nostrils is still present. The
deposit on the gum has completely sloughed off. Urine clear.

(4 p.m.).—Milk taken readily. Slight cough. Faeces semi-solid. Urine
clear. The skin is still rough

;
Calf flinches on being touched. Calf is atten-

tive, but not lively; its movements are slow. The eyes are clear.

29.1.23 (9.30 a.m.).—Calf shows distinct roughness of the skin practically
all over the body. The surface begins to crack and peel off in those parts
where sweating was noticed. The hair does not fall out, nor can it be
pulled out easily. The calf still flinches when it is touched on the side of

the chest, where the skin shows most wrinkles. The sores on the mouth have
partly sloughed and now it appears that other small sores have been present
on the palate and the right side of the gums.

30.1.23 (9 a.m.).—Calf is lying down and is loth to get up. It walks with
a stiff uncertain gait. Coat rough and staring. Hair matted behind shoulders
and along neck. No sweating. A few small hairless patches, but hair cannot
be pulled out particularly easily. Skin is rough and folded, and covered
with loose desquamated epithelium. Skin in parts, especially in groin, tender
and painful to touch. Eyes dull with dry secretion on eyelids. Conjunctiva
reddened. Muzzle moist and blotchy in appearance. Foam at mouth. On
hard palate and on gums small red sores present. One bright red pimple on
upper surface of tongue. Erosions on lower surface of tongue. Nostrils

contain clear mucus. Faeces fairly soft, but no diarrhoea. Urine clear. Caif
was offered some green grass; after a while it took a few blades and chewed
them.

(2 p.m.).—Calf is lying down, but gets up more readily than it did this

morning. No foam at mouth. Eyes look brighter. The outer layers of the

skin are now beginning to peel off. A patch about 4 by cm. is removed
from inside right thigh. Another piece about the same size from left pre-

scapular region. These pieces consist of a layer of hard epithelium and dried

secretion, about 1 mm. thick. All the hairs are attached to this. The calf

shows a few more of these bare patches in the areas where sweating was
profuse.

(8 p.m.).—Lying down, unwilling to get up. Respiration 160 per miunte.

No sweating.
31.1.23 (7.30 a.m.).—Calf lying down, unwilling to get up. Breathing

normal. Milk taken readily. No sweating.

(9 a.m.).—Calf standing. Eyelids contain crusts of dry secretion. Con-

junctiva reddened, muddy. No foam at mouth. The small sores on hard palate,

gums, and tongue seem to be healing. No discharge from nose. Faeces still

soft. Urine clear. Skin hard and rough, covered with loose scales of epider-

mis. In prescapular region, along sides of neck, and between hind-legs skin

is peeling with hair attached to the pieces of epidermis. Hairless patches are

now appearing in these regions, showing a red and uneven skin. In lumbar
region skin still seems to be tender to touch. Respiration 40 per minute.

Pulse 145 per minute. Green grass is taken readily and eaten without any
signs of pain.

(4 p.m.).—Lying down, breathing regularly. As soon as its milk is brought,

calf gets up and goes to bucket. Drinks at a normal rate but takes frequent

short rests, as if there is some slight pain in swallowing. Faeces very thin.

1.2.23 (7.30 a.m.).—Calf is standing and nibbling at the hay. Eyes are

watery with crusts on eyelids. Otherwise calf seems brighter. Diarrhoea

present.

(9 a.m.).—Hair is now coming out more freely. Crusts of loose epidermis

on inside of thighs, behind shoulders, and along neck. Diarrhoea still present.

Lachrimation marked.
2.2.23 (9 a.m.).—Calf now eats grass readily. Faeces liquid, yellow.

Peeling of the skin proceeding, especially on abdomen and in groin. Skin no

longer painful. Lachrimation still present. The sores in the mouth have

disappeared and only red spots are left. The animal is much stronger.

3.2.23 (7.30 a.m.).—Calf lying down. Respiration normal. Lachrimation

still present. Mucous discharge from nostrils.
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(9 a.m.).—Calf much brighter than previously. It begins to skip about.
Skin peeling along neck, in front of and behind shoulders, on inside of fore
and hind-legs, and on flanks. Sores on hard palate have healed almost com-
pletely.

4.2.23 (9 a.m.).—Mucous discharge from nostrils slightly increased. Skin
continues to peel.

5.2.23 (9 a.m.).—Slight lachrimation still present. Breathing normal. Calf
is now very lively when let out of the stable. Faeces much firmer. Bare
patches on body increasing in size. Sores on hard palate completely healed.

6.2.23 (9 a.m.).—Calf seems to have recovered completely. Eyes watering
slightly. Faeces fairly firm. Hairless patches getting bigger.

10.2.23.

—New hair is beginning to appear on bare patches. The skin on
these patches is quite soft and pliable now, and has a fresh pink appearance.

28.2.23.

—The new growth of hair has completely covered the bare patches.
Calf is discharged from experiment.

APPENDIX II.

Post-Mortem Reports.

Fost-mortem of Case 1.

26.1.1922 (3 p.m.).—Temperature 100° F. in the shade.
The cadaver is in fair condition. The abdomen is sunken. Hairless

patches are seen on the cheeks, around the ears, along the neck, etc. (see above
under Clinical Observations). The skin in these areas is hard and covered with
crusts and loose epidermis. The visible mucous membranes are muddy in

appearance. The flesh shows no changes. The subcutaneous tissue contains
a fair amount of fat which is yellowish in colour.

The situs viscerum is normal. The peritoneal cavity contains a fair

amount of clear liquid. The liver is slightly enlarged, the capsule is smooth
and glistening. The surface is reddish brown in colour, here and there it

shows bright red patches. The consistency is soft. The parenchyma is some-
what pale, and apparently swollen. The lobules are increased in size. The
cut surface of the liver is smooth, and fatty in appearence. The portal glands
show no changes. The gall-bladder is rather small, half filled with dark green
clear bile which stains a mahogany brown colour. The mucous membrane of
the gall-bladder is unchanged. The pancreas is fairly large, but otherwise
shows nothing unusual. The spleen measures 30 by 8 by 1.3 cm. It has the
usual shape and colour. Its surface is smooth and glistening. The consistency
is fairly firm. On section, the parenchyma appears rather pale, and of a
light brick red colour. The follicles are not visible. The trabeculae are very
distinct. The pulpa can be scraped off very easily. The adipose tissue around
the kidneys is fairly well developed. The capsule can easily be detached.
The surface of the kidneys shows numerous small haemorrhagic spots, about
the size of a pin point. On section, a very distinct striation is seen. The
rumen is filled with semi-liquid ingesta. The omasum and ahomasum contain
curdled milk. The small intestine is filled with a yellow fluid. The mucous
membrane is slightly hyperaemic showing transverse red striations. The
rectum is filled with grass-green semi-liquid ingesta; its mucous membrane is

pale.

The mucous membrane at the base of the tongue is thickened. At the
entrance to the oesophagus, there is a yellowish deposit on the mucous mem-
brane of the pharynx. The larynx and trachea show no changes. The pleural
cavities contain a small quantity of clear fluid. The pleura

, pulmonalis is

smooth and glistening except on the ventral edge of the lungs where a few
fibrous filaments are attached. The apical and cardiac lobes of the right lung
contain a few dark red foci where the lung tissue has a flesh-like appearance
and consistency. The left lung shows no changes. The pericardical sac con-
tains a small quantity of clear liquid. The epicardium is smooth and glistening.
The subepicardial fat is well developed. On the left ventricle near the apex
of the heart a few small haemorrhages are seen under the epicardium. The
endocardium shows a few bluish red patches. The myocardium is unchanged.
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Microscopical Examination.*

.S' A' in :—The keratin layer is partly separated from the underlying parts.
In parts it appears to be slightly thickened. Sudan stain gives a good reaction,
and there are accumulations of clusters of cells that show pyknosis and
karyorrhexis. In the epidermis, cross sections of hairs are found, whose
sheaths show layers of pyknotic nucleated masses. The sweat glands are
distended in the glandular body. The sebaceous glands show up well with
Sudan stain, containing much fat. The lumen appears to be distended.
The epithelial lining is intact. In some tubules, the cells are slightly flattened,
and in some a cloudy substance is present in the lumen.

Mucous Membranes.—The (/urns show a somewhat thickened layer of keratin
substance in which the pyknotic nuclei are quite distinct. The papillary body
of the tongue shows an increase of round cells which form dense clusters.

Liver.—The liver cells appear very finely vacuolated. The vacuoles are,
however, not sharply cut out. They are irregularly distributed in the cells

;

sometimes they are numerous. The regular arrangement of the liver cells is

disturbed. The radiating picture of the trabeculae has disappeared. There
seems to he an irregular arrangement of the liver cells. There is no blood
present. The liver cells touch each other closely. Under a higher magnifi-
cation some of the vacuoles appear round and sharply cut out, others are
less distinct. Some may reach the size of a nucleus, but the majority are
smaller. In one section, the vacuoles have taken on a faint Sudan stain;
they appear therefore to be due to fat globules. With Haematoxylin-Eosin
staining, the liver cells appear pale.

Pancreas.—The blood vessels in the connective tissue are distended with
blood. The Langerhans islands also show the capillaries distended. The
number of nuclei in these areas seems increased, thereby rendering the islands
very distinct.

Spleen.—Sudan gives no reaction. The spleen is conspicuously poor in

red blood corpuscles and very rich in nucleated cells. There are large cells

corresponding with the description of megakaryocytes. The follicles are not
quite distinct; the centre can be recognized by the crowding of the cells, but
their borders gradually disappear in the pulpa. The pulpa is rich in

nucleated cells. Of the latter, one type has a vesicular oval-shaped nucleus,

and another a dark nucleus with a pinkish cytoplasm (Haematoxylin-Eosin).
Some of the nuclei are horseshoe shaped.

Kidneys.—With Sudan stain the tubuli contorti in some places show a

slight staining of the epithelial lining; under the low power of the microscope,
no distinct granules can be made out, but under a higher magnification, very
fine granules appear. The lumen of some of the tubuli contorti is occluded by
the protoplasm of the cells, or by some cloudy substance. A number of foci

of round cells of irregular outline and. varying in size are distributed irregularly

through the cortex. In one place, the tubuli contorti contain red blood
corpuscles.

With Haematoxylin-Eosin stain, the parenchyma cells have a pale

appearance. In one place quite a series of loops of the tubuli contorti are

filled with blood corpuscles. In the neighbourhood some loops show hyaline
cylinders. These are also found in other parts of the cortex under the capsule.

In some of the glomeruli there is a distinct increase of nuclei corresponding
in character to those of the endothelial cells. In the capsule of the glomerulus,

there is also a homogeneous pink substance. Some of the Bowman’s capsules
contain blood cells. In the neighbourhood of a focus in which the tubuli

contorti are filled with blood, a cellular infiltration is noted in the interstitium.

The cells are mostly large round cells. The tubuli in this focus are filled

with an exudate consisting mainly of polymorphonuclear leucocytes, forming
a small plug. They are mixed with a few red corpuscles.

Lungs.—In the section, most of the alveoli are collapsed. Their lumen
cannot be recognized, the capillaries are filled with blood. The bronchi contain

plugs of polymorphonuclear cells, some of which are pyknotic. In some parts,

the alveoli contain desquamated cells and neutrophiles. In other parts the

outlines of the alveoli can still be recognized, but they are completely filled with
neutrophiles and pyknotic nuclei

;
in these parts some alveoli are distended

with fibrin. Here and there fibroblasts can be seen.

Spinal Cord.—Nothing unusual.

* I am indebted to Sir Arnold Theiler for the miscroscopical examination
of the specimens.



247

Pathological, Anatomical Diagnosis.

Acute dermatitis and desquamation of the horny substance of the skin.
Superficial gingivitis and necrosis of the epithelium. Cloudy swelling and
fatty degeneration of the liver. Hyperaeinia of the pancreas and hyperplasia
of Langerhans islands. Embryonic condition of the spleen. Nephritis acuta
(fatty degeneration, glomerulonephritis and haemorrhages, hyaline cylinders).
Partial atelectasis of the lungs.

Post-mortem of Case 5.

29.1.1922 (7.30 a.m.).

The cadaver is in fair condition, the abdomen is sunken. The integument
is moist and red. The hair is matted together and comes out easily. The
mucous membranes of the nose, mouth, and vagina are covered with yellowish
diphtheroid membranes. The conjunctiva is injected.

The peritoneal cavity contains a small quantity of clear liquid. The
liver is slightly enlarged. It is of the usual shape and colour. The surface
is smooth and glistening. The parenchyma is yellowish-brown. The portal
gland shows no changes. The gall-bladder is filled with clear dark brownish-
green bile. The mucous membrane of the gall-bladder is unchanged. The
pancreas shows no changes. The spleen is of normal size and shape. On
section, the follicles show up well. The pulpa can be scraped off fairly easily.

The fatty tissue around the kidneys is well developed. The capsule strips off

easily. The surface marking is very distinct. The parenchyma is rich in blood.
The suprarenal glands show no changes. The mucous membrane of the
abomasum is reddened and thickened. The duoderwm contains a number of

worms (Bunostomum). The rectum contains some bloody mucus. Its mucous
membrane shows some small red patches. The mammary glands, show no
changes.

The mucous membrane of the tongue is covered with a thick yellow pseudo-
membrane which can be scraped off easily. A similar membrane covers part
of the gums and other portions of the buccal mucous membrane. Also in the
nasal cavities the mucous membrane is deeply reddened and covered with a
thick yellow pseudo-membrane. This membrane is also present at the entrance
to the oesophagus. The mucous membrane of the larynx is deeply reddened
and covered with a deposit which can be scraped off. In the lower portion
of the oesophagus, the mucous membrane is also covered with a diphtheroid
membrane. The lungs are in a state of inspiration. The pleura is smooth
and glistening. The parenchyma shows no changes. The bronchial glands are
normal. The pericardial sac contains a small quantity of clear yellowish liquid.

The epicardium is smooth and glistening; a few petechiae are to he seen.
The endo- and myocardium show no changes.

Microscopical Examination.

Skin.-—In one place the epidermis is absent, and the papillary body is

exposed. The surface of this portion is covered with a homogeneous substance.
Its border consists of epidermis, so that in all probability we are dealing here
with a vesicle which has burst. The red substance is also found in the papil-

lary body. In the papillae and stratum reticulorum are clusters of chromatin
particles densely packed together

;
these clusters give the appearance of a

black band running across the section. In other parts the epidermis is intact.

In the deeper portion of the cutis, the well developed small blood vessels can
be seen which branch in all directions. Their walls are rich in nuclei of

a vesicular type. In the course of these vessels, leucocytes and pyknotic nuclei
are noted. In some places, the vessels are directly under the epidermis and
disappear in a mass of nucleated cells many of which are pyknotic. With
Sudan stain, only the sebaceous glands show fat.

Palate.—The epithelial layer of the mucous membrane is destroyed and its

place taken by a pinkish substance containing nuclear detritus. In other
portions the deeper layer of the epithelium is still present, but there is a
homogeneous substance which is demarcated off by a zone of karyorrhectic
nuclei. Several such areas are noted, one being very extensive.

Larynx.—The mucosa shows in some parts an irregularly distributed
cellular infiltration

;
most of the cells are undergoing pyknotic and karyorrhectic

changes. The submucosa is distended by a homogeneous fluid which fills the
spaces in the connective tissue. The ducts of the glands are open, and in
some of the glands a transparent substance is seen, in which some cells still

contain nuclei. The ducts of the glands as well as the tubuli show the same
substance. There is a dense infiltration of round cells along the ducts and

16
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vessels, and in the interstitium of the glands. With Haematoxylin-Eosin
stain, the mucosa shows in some parts a distinct homogeneous, finely granulated
appearance.

Liver.—(Sudan stain).—The picture of radiating liver cells is disturbed.
The central veins are distended and so are the capillaries around them. They
contain a somewhat transparent, homogeneous substance which under higher
magnification appears finely granular. The liver cells contain globules of fat
of different sizes. The fat is distributed evenly throughout all the lobules;
however, in other parts of the section, the distribution is uneven. Some lobules
are affected more than others; those in the peripheral portion seems to be
particularly affected, where the fat globules sometimes obscure the liver cells
completely.

(Haematoxylin-Eosin stain).—The whole section is rather pale; in some
portions it is rather patchy, the light areas correspond with the vacuolated
cells.

Spleen.—Sudan gives no reaction. The follicles are distinct. Their borders
are diffuse. The pulpa contains very little blood, consisting mainly of
nucleated cells. In some parts pigment is rather frequent.

(Haematoxylin-Eosin).—The cells are almost exclusively of the mono-
nuclear type and belong either to the pulpa or the reticulum. The pulpa
cells m some parts are quite conspicuous; some are seen to contain pigment.
The reticular cells in other parts are conspicuous, and the trabecular arrange-
ment becomes more or less distinct. Between these cells in some places is a
granular hyaline substance which appears to be dissolved blood. A similar
substance is found in the sinuses, in which there are some pigment carrying
cells. Polymorphonuclear cells are absent in the tissue.

Kidney.—At several places under the capsule collections of red corpuscles
can be seen extending only slightly into the parenchyma. Mixed with the red
corpuscles distinct accumulations of leucocytes, some of which show pycnotic
nuclei, are noticed in some places. Foci in which interstitial accumulations
of mononuclear cells are present can be seen near the cortex. Some of the
glomeruli, especially those near the surface, show an increased number of

nucleated cells. The tubuli contorti in most places show an absence of staining.
Some epithelial cells do not show any nuclei

;
most of these are very pale.

In some parts the tubuli are occluded by a cloudy substance which takes the
same stain as the epithelium.

Heart Muscle does not take the Sudan stain.

Pathological Anatomical Diagnosis.

Vesicular dermatitis and necrosis of the epidermis. Necrosis of the

epithelium of the mucous membranes. Laryngitis and pharyngitis necroticans.

Stasis and fatty degeneration of the liver. Slight haemosiderosis of the spleen,

and hyperplasia of the splenic tissue. Nephritis haemorrhagica (cloudy swelling

and glomerulonephritis). Worms in the small intestine. Gastroenteritis

catarrhalis.

Post-mortem of Case 7.

28.1.1922 (10 a.m.).

The cadaver is in fair condition. Hairless patches are seen on the face,

in the intermaxillary space, on the neck, etc. (see above under Clinical Obser-
vations). The skin is very much thickened in parts.

The peritoneal cavity contains a small quantity of clear liquid. The
adipose tissue of the omentum is well developed. The liver is of the usual
size and shape. Its surface is smooth and glistening, reddish-brown in

colour. The consistency is friable. On section the central veins are seen to

be well filled, the lobuiation is indistinct, the centre of the lobules yellowish,

the periphery brownish. The portal glands show no changes. The gall-bladder

is partly filled with mahogany-coloured bile. The pancreas shows no changes.

The spieen measures 29 by 8 by 2 cm. It has the usual shape and colour.

Its surface is smooth and glistening, its consistency fairly firm. On section,

the pulpa is seen to be brick-red
;

it can be scraped off easily. The follicles are

small and indistinct, the trabeculae are prominent. The kidneys are

surrounded by well developed adipose tissue; the 'capsule strips easily. The
surface is smooth and glistening, reddish-brown in colour. On section the

striation is distinct. In the rumen there is a hairball 1J inch in diameter.

The abomasum contains some curdled milk and vegetable ingesta. The mucous
membrane is pale pink with a few small reddish patches. The duodenum
contains a bright yellow fluid, the ileum is slightly reddened, the veins being



249

well filled. The large intestine contains dark green semi-liquid ingestn The
mucous membrane of the vagina is slightly reddened.

The sublingual gland shows a few small haemorrhages. The submaxillary
and parotid glands show no changes. Near the posterior end of the hard
palate the mucous membrane shows an erosion about 2 cm. long and 1 cm.
broad. The pharynx, larynx, and trachea are unchanged. The nasal mucous
membrane is somewhat reddened. The pleura costalis and pleura pulmonalis
are smooth and glistening, except on the second and third right ribs where
the lung is attached to the costal wall. The lungs are somewhat distended.
The surface is pink except the right apical lobe which has the appearance
of liver tissue. On section, the greater part of the parenchyma appears
normal; the solid portion of the right apical lobe contains a few nodules
varying in size from that of a pea to that of a bean. Pus escapes from these
nodules. The pericardial fat is well developed. The pericardial sac contains
a small quantity of clear liquid. Epicardium and endocardium are smooth
and glistening; the myocardium shows no changes. The cerebrospinal fluid
seems to be increased in quantity.

Microscopical Examination.

Skin.—Sudan stain reveals the presence of fat in the sweat glands and
occasionally in the sebaceous glands near the surface. The epidermis is intact,

hut is covered in some places with an apparently thickened layer of keratin.
Palate.—Sudan gives no reaction. At one place, the surface epithelium

is entirely destroyed and its place is taken by a substance full of necrotic
nuclei. The deepest layer of the epidermis is partly intact; in one place,

however, this is also destroyed, and is replaced by a pinkish substance full of

nuclear dust, which here and there forms thick bands. •Underneath this sub-

stance, an increase of fibroblasts and a large number of polymorphonuclear cells

can be seen in the meshes of the connective tissue of the cutis. These
polymorphonuclear cells sometimes have quite peculiar forms; frequently they
are so arranged that they point towards the surface. In some places capil-

laries directed towards the surface are also noticeable. In some of the mucous
glands below this area, the tubuli show transparent cells either devoid of

nuclei or with pyknotic nuclei.

Liver. (Sudan).—The Liver cells within the lobules are distributed

irregularly. The radiating trabecular arrangement is seen only around the

central vein. The cells are tightly packed, with no spaces between them No
blood is present. The liver cells show' vacuoles; such vacuolated cells are found
mainly around the central veins, but also in the periphery, and sometimes
irregularly distributed in small patches. The vacuoles vary in size, the larger

ones exceeding that of a nucleus. Some of the larger nuclei take on some

Sudan stain.
(Haematoxylin-Eosin).—The pale pink staining of the liver cells is very

noticeable. The cells appear vacuolated. In one part of the section there

is a small accumulation of round cells some of which possess deeply stained

nuclei.

Spleen.—The trabeculae are somewhat conspicuous. No blood is present

The follicles are distinct. The pulpa consists mainly of nucleolated cells with

a little blood. The cells are closely packed : no polymorphonuclear- present.

Kidney.—Sudan gives no reaction. With Haematoxylin-Eosin the cells ol

the tubuli contorti have a pale pink appearance. I he lumen of the tubuli

is occluded in many places. Here the nuclei are very pale I n_ some places

there is an increase of round cells in the interstitium, either distributed evenly

or forming clusters. A number of glomeruli contain blood in the capillnric
,

and the number of nuclei is conspicuously increased, rhese nuclei form in

some instances distinct bands ol cells which lollow each other in immediate

succession. The arteriae areuatae and interlohulares contain blood Occasionally

small clusters of corpuscles are found in the interstitia. especially in the cortex

Lung.—At one place the vesicular tissue has collapsed . the alveoli have

disappeared or formed small slits. The capillaries contain blood I hen i

an increase of nucleated cells. These are mostly large cells with huge nuclei

(apparently desquamated alveolar cells) and between them a lew polymorph.,

nuclears. In the middle of tins area is a bronchus containing desquamated

cells and polymorphonuclears in its lumen, rhe artener contain rod blood

corpuscles and fairly numerous polymorphonuclear cells.

Heart.—Nothing unusual.
Spinal Cord.—Nothing unusual.
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Pathological Anatomical Diagnosis.

Hyperkeratosis. Ulceration of the palate. Cloudy swelling and fatty
degeneration of the liver. Hyperplasia of the trabeculae of the spleen.

Nephritis acuta (glomerulonephritis and cloudy swelling). Partial atelectasis

of the lungs.
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A Contribution to the study of the virus,

haematology, and pathology of Infectious

Anaemia of Equines under South African

conditions.

By Gf. v. d. W. de Kock, M.R.C.V.S., Research Officer,

Onderstepoort.

Infectious Anaemia of equines was first identified as a specific equine
disease in South Africa by Theiletr and Kehoe in 1913 (1). It is

possible that this disease had existed for many years past, but had
probably escaped detection by being1 confused with Biliary Fever of

horses (chiefly Nuttalliosis, although it is now certain that Piroplasma
caballi also occurs in South Africa) or with certain forms of Horse-
sickness. According to Liihrs (2) it appears that Infectious Anaemia,
during the great war, was for a time also confused with Piroplas-

mosis, before it was definitely diagnosed as a separate disease. De
Kock (3) from a study of the charts and records came to the con-
clusion, that this disease had -already made its appearance at this

Laboratory as early as 1904. From then onwards isolated cases

occurred. The percentage of natural cases admitted with the horses

purchased for experimental purposes seems to have been extremely
small, less than .05 per cent., and the cases, which probably occurred
up to 1913, as the result of immunization against horse-sickness,

seemed to have been less than .4 per cent.

Why detection of this disease remained so long in abeyance can
well be appreciated, when it is remembered that the disease, as shown
by De Kock, occurred only as isolated cases. Remissions of tem-
perature, with icteric and other alterations of the conjunctival
mucous membrane, etc., were then regarded as symptoms of an
atypical type of Biliary Fever, in which parasites were not detected
in the blood. De Kock also showed how impossible it was to con-
clusively incriminate any particular virus or serum as a carrier of

the infectivitv, in spite of thousands of blood inoculations carried

out during the various horse-sickness experiments. It must also be
remembered tliat even up to the present (with the exception of an
outbreak amongst donkeys to be referred to later) no natural outbreak
of the disease, as reported in other countries, had occurred in horses.

Not until 1913 was an actual artificial outbreak produced during
the inoculation of various horse-sickness viruses, as shown by Theiler
and Kehoe. Since 1913 the disease has received a great deal of

attention. Theiler and Kehoe in their report gave a careful
description of the symptomatology and pathologic anatomy. Many
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good descriptions of the disease, chiefly as regards symptomatology
and pathologic anatomy have been given by many authors, e.g.

Carre and Vallee (4), Japanese Special Commission (5), Yan Es,
Harris, and Sehalk (6), Hutyra and Marek (7), etc. Recently, in

view of several outbreaks of the disease in Germany, several papers
have appeared, and amongst these may be mentioned those of

Frohner (8), Wirth (9), Liihrs, Jafl’e (10).

Hi the present paper it is intended to discuss certain phases of

the disease as under:—
I. The study of the virus of Infectious Anaemia of equines under

South African conditions, as regards

—

(a) its geographical distribution

;

(b

)

its occurrence in the horse;
(c) its occurrence in other animals, especially in the

donkey.
II. Haematology.
III. Pathologic Anatomy.
IY. Pathologic Histology.

(a) Geogkaihical Distribution.

Attention has already been drawn to its appearance at the
Laboratory, but at present we do not know to what extent it occurs
in the various Provinces of South Africa. Isolated cases have no
doubt occurred, and are probably still occurring. Certain forms of the
disease, especially the acute and subacute, during a thermal reaction,

are no doubt mistaken for Biliary Fever, in the absence of a blood
examination, and even at post-mortem, differentiation is almost im-
possible, since anaemia, icterus, enlargement of spleen, extrava-
sations of the epicardium and endocardium may be present in both
cases.

Since the disease was described in South Africa, reports of sus-

pected cases have come from various quarters, but, as pointed out
by De Kock, with one or two doubtful exceptions, always with nega-
tive results, when the suspected blood was subsequently tested by
inoculation. As recently as 1921 and 1922, suspected cases were
reported to occur at Kalkbank, Petersburg, Transvaal Province, and
Fairfield, Caledon, Cape Province. In both instances blood was
collected on several occasions and injected into what were regarded
as susceptible animals, with negative results.

At present it is impossible to associate the disease in South
Africa with any particular environment, or to say that the disease

has a seasonal prevalence. In America (Yan Es, Harris, and Sehalk)
the disease has been most frequently associated with low-lying
swampy pastures, and according to the Japanese the seasonal pre-

valence is a feature, which is well marked, and the disease is met
with most frequently during the summer months. During the Euro-
pean war, on account of the movement of great numbers of horses,

the disease, according to Frohner, Liihrs, Wirth, and others has
spread over a great part of Germany, where before it was unknown.
In South Africa during that period great numbers of horses were
also moved and concentrated in various areas. These animals were-

mostly stabled under natural conditions and under veter i lary super-

vision, so that any natural outbreak from this disease could not have
escaped the notice of the authorities.



( b ) The Occttrrexce ix the Horse.

Here a number of factors will shortly be considered :
—

(i) The nature of the \iius, its virulency, consideration of strain,

and the various types it can produce.

(iij The clinically recovered virus carrier, and attempts made
to set up a fresh reaction in such animals.

(i) The exact nature of the virus is still a matter of discussion.

It is believed that the virus obtained from animals in any stage of

the disease is capable of producing an affection. Furthermore, it is

assumed that the injection of such virus may produce any of the
known forms of the disease. According to Ciwre and Yallee, the
amount of virus injected does not appear to directly affect the type
of reaction obtained. One c.c. of the virus, they say, may produce
as typical a reaction as the injection of 100 c.c.

Often at this Laboratory inconstant results have been obtained
with the injection of known infected blood or serum. For instance,

(a), serum prepared from ITs. 6435, 6576 (known virus carriers)

failed to produce the disease when injected four days later into

H. 11103, and two and a half months later into H. 11390. The same
serum reacted promptly when injected six months after its pre-

paration into H. 11483. That H. 11390 and H. 11103 were not
virus carriers at the time of injection, i.e. susceptible, was clearly

shown by the fact, that they were both successfully infected some
months afterwards. In case of H. 11103 it reacted when treated

with the blood from Hs. 6435, 6576, i.e. the same "horses from which
the serum was taken in the first instance. (6) Serum prepared from
H. 8564, when injected four days after preparation, reacted very
doubtfully in H. 11104, did not react two and a half months after

its preparation in H. 11391, and reacted when injected six months
later into II. 11485. That H. 11391 was not a virus carrier, and
still susceptible, was shown by the fact that serum prepared from the
same, H. 8564, immediately set up the disease in H. 11391.

In all these cases the injections were done intrajugularlv and
with fairly large doses, usually about 300 c.c.

From the above results it will be seen that infected serum of

the same date and also of different dates did not always produce the
disease; in other words, that the virulency of serum to set up the

disease varies from time to time. The failure to produce the disease
by injection of blood or serum may probably be explained by one of

the following:—
(i) That the blood or serum was never infective

;

(ii) or that the blood or serum was infective, but was injected
into a clinically recovered animal;

(iii) or that the blood was infective, but produced a latent form
of the disease.

It would appear that in the above cases mentioned, (ii) and
(iii) can be ruled out a' possible explanations, and that the failure

to infect in the first instance was due to the fact that the serum on
that occasion did not contain virus. The serum was prepared in

several (300 c.c.) bottles, and it seems plausible that the virus might
have died out in some of the bottles and not in others, or that the
virus was not equally distributed in the blood at the time of
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bleeding, and consequently some ot' the bottles did not contain virus
at all. With reference to this latter point it might be mentioned
that the above horses from which the serum was produced were
clinically recovered animals. Such a source might have a bearing
on the unequal distribution of the virus.

It might be pointed • out that Liihrs encountered a similar
behaviour cf serum collected from a clinically recovered animal,
but he interpreted it differently. He assumes that when infected
serum is treated with the serum of another species, which does not
become a carrier, the infected serum becomes so modified that he
was able to produce the disease in such a form that the animal
became infected, but showed no symptoms. The animal, however,
in spite of being made a virus carrier acquires no immunity, because
when injected subsequently with untreated infected serum from
the same horse, it promptly reacted; in other words, he was able to

cause a fresh reaction in a virus carrier by the injection of more
virus. This is contrary to our experience. As shown by He Kock,
in no instance was it possible to set up a fresh reaction in a clinically

recovered virus carrier by reinjection.

In view of what has been said, it seems that the interpretation

of Liihrs is probably not the correct one, and that the serum of

H. R214 showed the same behaviour as was mentioned for the serum
of Hs. 6435, 6576, and 8564. Furthermore, it might be pointed out
that Liihrs did not allow sufficient time to elapse between the various
injections, and there might possibly have been in the majority of the

injections carried out an overlapping of incubation period.

One must remember that the period of incubation is most
variable, and may extend well over one month, and probably longer,

especially if the virus is taken from a clinically recovered animal.
On referring to Table 2 it will be seen that in H. 14863 a subacute
type of the disease was produced one month and twenty-nine days
after the first injection of 10 litres of blood from H. 12490, or

twenty-nine days after a second injection of 10 litres of blood from
the same horse. In such a case it is impossible to say which injection

infected II. 14863, because, as it was subsequently shown, H. 14863
showed the disease clinically and its blood proved to be infective

when injected into H. 14873.

In view of the above considerations it will be realized that the
value of the only diagnostic test, viz., blood or serum injection

becomes very unreliable, especially if the test turns out to be nega-
tive. For tL at reason it always seems to be advisable to use fairly

large quantities of blood, and to inject at least two susceptible

animals. After some time, say fourteen days, should the test turn
out to lie negative, the two susceptible animals should be reinjected

with the same suspected blood.

Virulency of the Virus.

As -mentioned above the period of incubation seems to be most
variable, usually between five and twenty-five days. The Japanese
observed a period of three days, and in case of H. 14857 (see Table)
it was only two days. On the other hand, cases have occurred where
the incubation period was as long as twenty-nine days. The
American workers state that it may generally vary between six and



twenty-one (lays, and appeal's to be shortest when the intravenous
injection is practised.

Taking these data into consideration, it seems that we do not

yet understand all the factors which govern any particular virus as

regards its period of incubation, and the type of the disease it is

capable of setting up. There is no standardization of the virus of

Infectious Anaemia, as occurs in connection with the majority of

Horse-sickness viruses. It would almost appear that the suscepti-

bility of the horse to a particular virus should be considered as one
of the main factors. A few extreme cases may be quoted to illus-

trate the peculiar behaviour of the virus of Infectious Anaemia :
—

(a) Virus collected from an acute clinical case may set up a

thermal reaction within a minimum incubation period, but
sucli cases may subsequently develop into mild subacute cases

which may lead to recovery.

(b ) Infectrous Anaemia virus collected from a clinically re-

covered animal (H. 6-1135) may set up the disease in a horse
(H. 14745) after a very long incubation period, but after

that the animal may react acutely, and succumb after acute
symptoms.

It appears that the period of incubation is longer when the virus
for injection is collected from a clinically recovered animal, but
when once such a virus reacts in the infected animal, it may set up
any type of the disease.

Consideration of Strain.

Various experiments have from time to time been undertaken
(some of these already recorded by He Kock) to ascertain (a) whether,
in a clinically recovered animal, which is a virus carrier, a fresh

attack can be produced by the injection of more virus, and
(b) whether there are different degrees of virulency for viruses of

different origin. TTp to the present all attempts to prove degrees
of virulency for the virus of Infectious Anaemia have been negative.

Once an animal becomes a carrier, it seems to acquire a certain im-
munity against any subsequent injection of the ordinary dose of

virus.

Types of the Disease.

According to most authors the following types are -usually

recognized, depending mainly upon the duration cf the temperature
reaction and the nature of the symptoms during the reaction:—

(a) Acute.
(b) Subacute.
(e) Chronic.

To this might be added

—

'(d) latent type.

(a) Under the acute type are usually described those cases in
which an acute attack of the disease terminates fatally after a course
varying from about thirteen to seventeen days. In some cases, how-
ever, the course was of longer duration. It might be pointed out
that the final “reaction” or “attack,” i.e. the one during which
acute symptoms appear (such as loss of condition, changes of con-
junctival mucous membranes, changes in gait, posture, pulse, etc.)



may be preceded by one or two slight thermal reactions, during which
periods no other symptoms besides slight temperature become mani-
fested. The acute attack need not necessarily terminate in death
of the animal, but may lie succeeded by either the subacute or chronic
type of the disease.

(b) The subacute form of the disease is characterized by the
occurrence of repeated number of attacks somewhat similar though
perhaps not always so severe as those described for the acute form.
These intermittent attacks may last over periods varying in leng'th

from several days to weeks. This form of the disease may continue
for months, and may terminate in death during one of the remissions.

This type, however, more frequently goes on to recovery, the attacks

grow less and less, and more widely separated, and finally cease
altogether to appear.

(c) The chronic form usually appears as a sequel to the primary
attack, but the disease may assume this type from the commence-
ment, none of the reactions being of a very marked character. There
is gradual wasting- and emaciation, and in this type cachexia come
to be the characteristic feature. The animal may die during a final

acute attack, but more often death occurs from debility and
exhaustion.

(d

)

With reference to the possibility of a latent form occurring,
it may be mentioned that in a few cases no normal reaction and
symptoms appeared in animals treated with infected blood. AVliether

such a type of the disease occurs naturally is difficult to say. It is

not known whether such infected animals weie not perhaps virus

carriers before infection. Both Froliner and Liihrs also mention
the latent form of the disease, which according to them hampers the
only reliable method of diagnosis, viz., blood inoculation.

(ii) Clinically Recovered Horse.

It is impossible to say how long an infected animal may remain
a carrier. That the virus can remain in the animal over long periods

is a fact which is generally admitted. Animals clinically recovered

may act as virus carriers, and be a source of great danger, especially

in institutions where protective sera are produced from horses. De
Kock drew attention to this in connection with the preparation of

anti-horse-sickness serum, and sometimes mortality also occurred from
such a source of infection during the immunization of horses. Ltilirs

(11) in his paper also refers to this important factor.

By clinically recovered, one would understand such animals
which show no further thermal reactions or other symptoms some
months after the last attack, and which outwardly show the con-

dition and appearance of conjunctival mucous membranes equiva-
lent to healthy horses. On turning to Tables 1 and 2 it will be seen

that there are several such cases here, viz. : Hs. 6435, 12490, 12980,

13054, and 13305. That these are still virus carriers was shown by
subsequent inoculation. The majority have improved in condition
to such an extent, that they are to-day the best conditioned animals
on the place.

The European workers state that the blood may still be virulent

from three to five years after infection is first noted, whilst Japanese
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workers found the blood of horses infective three and four years,

but not five yeai's after the original infection. From the Table it

will be seen that H. G435 was infected on 13.11.13, and showed its

last attack 6.3.15 to 11.3.15. In November, 1916, it had recovered

to such an extent that it was in prime condition. The Table also

indicates the various inoculations made from this animal during a
spell of seven years, and in 1922 it was still found to be a carrier,

and able to produce a very definite acute-subacute case (H. 14745),
which died.

The Japanese believe that in non -clinically affected virus

carriers, the virus gradually loses its virulency and ultimately dis-

appears. With reference to this point about virulency it may be
said that a case (H. 14745) produced in 1922 proved to be of a far

more acute nature than that (H. 10220) produced in 1918. The
infection in clinically recovered animals like H. 6435 may be of the

nature of a “ labile infection,” and it will be interesting to

determine

—

(a) whether such cases again become susceptible as .soon as they
lose the power to infect

;

(h) whether they are immune after they have lost the power to

infect.

The latter factor will be of utmost importance, because if it was
the case, ilien such animals would form a very serious menace to

the only method of diagnosis, viz., blood inoculation. Blood from
an infected animal injected into such an immune horse would give
negative results.

In view of the difficulty of diagnosing clinically recovered cases,

and other doubtful cases which have not shown diagnostic features

during' the course of the disease, a number of methods have been
tried to “ hasten ” or to bring about an acute

“ diagnostic” attack.

De Kock has already reported on a number of substances tried, and
in ease ol arseno-phenylglycine in large doses satisfactory results

were obtained. It was at that time considered advisable to repeat
this on a number of cases before drawing final conclusions:—

(a) Or 20.5.18 : Hs. 10955, 11323, 10945, 10949, and 10344
(clinically recovered cases) were each ' ejected intrajugularly
with 15 grammes arseno-phenylglycine. At the same time
a number of normal foals were also injected with the same
drug to act as controls. H. 10949 showed a slight thermal
reaction on the fifth, sixth, and seventh days, but no diag-

nosis could be made as to the nature of the reaction. Con-
trol H. 11844 also showed a slight fever reaction on the
twelfth, thirteenth, and fourteenth days.

(h) On 6.5.21: Hs. 10948, 6435, 10913,' 11323 (all clinically

recovered cases) were each injected intrajugularly with 15
grammes arseno-phenylglycine. These results were also

negative.

From the above it would seem that this method could not be
utilized in the diagnosis. Perhaps the drug may be able to provoke
a reaction in some recent clinically-recovered cases, but not in all,

nor in those of long standing.
Otto (12) utilized a number of substances, e.g. sterilized milk,

peptone, tuberculin, Typhus, and Cholera vaccine, adrenalin, without
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results. Bederke (13) carried out provocation experiments with
tannin but without success. During an outbreak of anthrax here
a number of clinically recovered animals were immunized with spore
vaccine. Some showed slight thermal reactions as the result of the
inoculation, but no attack of Infectious Anaemia occurred. Otto
alludes to provocation by bleeding and regards it as the best and
cheapest method. He states that at least 6 to 8 litres must be taken
from the animal. It provokes an acute reaction, but non-reaction after

bleeding does not exclude Infectious Anaemia. Fontaine also re-

gards provocation by bleeding as a useful diagnostic factor, but
Bederke concludes that bleeding, according to his experience, cannot
be relied on.

On 5.6.22 an experiment was undertaken to ascertain whether
bleeding large quantities of blood (about 10 litres) could provoke
an attack in the following cases:—

() Clinically recovered animals : Hs. 12930, 13054, 12957, 6435,
12490.

() Animals showing a long incubation period: Hs. 13902,
14283.

(c) Animals 'which have shown a slight non-diagnostic febrile

reaction : Hs. 14863, 13460.
The results in all these were negative.

(
c.) Its Occurrence in Other Animals.

Before dealing with this question, a point raised by Steinbruchel
(15) may be considered, viz., that Infectious Anaemia virus was
transmitted from an infected mare m foal to its offspring.

From an infected mare in foal kept under observation here a
healthy foal was born. The latter’s blood was controlled soon after

birth and found to be non-infective. Some months later the foal

was infected, and contracted the disease in an acute form, from
which it died. In the case of Steinbruchel’s experiment a differential

diagnosis was made, and the blood of the animals concerned was
never controlled by injection. In view of this, the statement that

the foal had become infected in-utero loses much of its value. That
it is not the rule for ultravisible viruses, nor their anti-bodies, to pass
from a mare to its foetus, was further shown in connection with a
horse-sickness experiment.

Two mares in foal were immunized against liorse-sickness, and
both passed through a veiy acute attack. In the case of one mare
the foal was born on the twenty-second day of the reaction, and in the

case of the other mare the foal was born a short time after the reaction.

Both foals were subsequently tested with the same virus against
which the mares had been immunized. Both foals died of Horse-
sickness, showing that they were still susceptible to the disease.

As regards the transmission of the disease to other animals it may
be stated that infection of the ass was noted by Europeans and
Japanese, and the appearance of the disease in the mule is a fact

i ecorded by American observers. The Japanese also claim to have
infected the pig, hut outside these animals the disease does not
appear to have been transmitted to any animal other than horses.

Attempts to do so have been numerous, and the species used have
included cattle, sheep, goats, dogs, and various laboratory animals.
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Tlieiler and Kelioe tried experiments with three mules, three donkey
foals, two cattle, two sheep, two goats, and two dogs. In the case
of the cattle, sheep, goats, and dogs used in the above experiment
no reaction to this inoculation was apparent. Nor did their blood
when injected into control horses produce a typical reaction. The
behaviour of the three mules and the three donkeys was different,

and although no marked reaction to the inoculation was shown by
these animals, yet the mixture of their blood taken on the forty-

ninth day and inoculated into control horses produced the disease
in these latter animals. Transmission experiments were carried
out by Liihrs, and he was unable to infect cattle, guinea-pigs,
rabbits, mice, cats, porcupines, frogs. The pig’ could be made a
virus carrier, and the latter factor was also confirmed by Habersang
(16') and Kutsche (17). Schmitz (IS) failed to infect sheep.

In Table 2 it will be seen that the pig was made a virus carrier,

and subsequently able to produce the disease in horses. Other pigs
were also treated with virulent blood, but in none of the injected
animals was any reaction observed, although the Japauese report
that young pigs may take the disease in an acute form and die of it.

From Tables 3 and 4 it will be noticed that further injections
were made into sheep and dogs, using large quantities of infected
blood, but all were negative, and in each case the blood of the
injected species was controlled in a susceptible horse with negative
results.

The Disease in Donkeijs.

During March, 1918, an outbreak of a disease was reported to have
occurred amongst donkeys at the settlement of Muiden (Muden), about
20 miles from Greytown, Natal. It was said that the disease resembled
Bibarv Fever, but with a negative smear diagnosis. At post-mortem
an icteric condition of the connective tissues and enlargement of the
spleen were noted. The disease was regarded as of a contagious
nature. On the settlement, donkeys are kept by the farmers, and on
the adjoining areas natives possess considerable numbers. The mor-
tality due to this outbreak was estimated at about 50 per cent.

The disease was subsequently produced at the Laboratory in

Maritzburg by blood inoculation. From Table 5 it will be seen
that it was passed through a number of animals, and that the casual
organism was filterable as shown in the case of Dks. 9, 6, and 10. The
virus was subsequently brought to this Laboratory by means of a

sick donkey (Dk. 6), and in another instance by means of blood from
a sick donkey (Dk. 10). The subsequent behaviour of these viruses
in the various animals injected, including horses, can be followed
from Table 5. The following points in connection with these experi-
ments need be mentioned :

—
() That the virus of Muiden Disease is ultravisible and

filterable

;

() that it occurred as an epizootic in a district where donkeys
were kept

;

(c) that in donkeys it is capable of causing acute and subacute
cases, which may become clinically recovered, although
these harbour the virus for years (Dk. 9810);



262

{d

)

that the symptoms shown by the acute cases resemble those
observed in horses suffering from Infectious Anaemia, viz.,

the thermal reaction, emaciation, impairment in gait,

anaemia, icterus, changes in the conjunctival mucous mem-
branes, etc. In addition to these in some donkeys other
symptoms were noted. Some days after the rise of tem-
perature laerymation from the nasal canthus was fairly

copious, so much so that the infraorbital region was wet
and the hair matted. In the acute cases a cough was also

observed, and in some marked dyspnea, resembling a case

of Jaagsiekte in the horse;
(e) that Hs. 11546, 11575, 13460 injected with donkey virus

showed symptoms resembling a mild subacute type of In-

fectious Anaemia and H. 13414 a chronic type.

It may be argued that the donkey virus reacted mildly in the

horse in the same way as the horse virus (see above) reacted
exceedingly mildly in Ihe donkey, and that there may be a difference

in virulency of the viruses of Infectious Anaemia for a particular
species of animal. It seems, however, that such a virulency does
not exist, and that it is not a case of a susceptibility of a species,

but a susceptibility of an individual.
This varied susceptibility occurred amongst the donkeys them-

selves, as shown in Table 5, and was further exemplified by an
experiment with horse virus.

On 19.8.19 Dks. 12116, 12117, 12118, and 12119, and H. 11685
(control) were each injected with 50 c.c. pooled blood from infected

Hs. 11230, 11040, and 11392. In Dk. 12117, 12118, and 12119
characteristic symptoms of' the subacute type developed, whereas in

Dk. 12116 and control H. 11685 the disease was of a chronic Tiature

followed by death.
The nature of the macroscopical and microscopical lesions

(to be referred to later) observed in donkeys were more or less identi-

cal with Hose observed in the horse.

In view of these observations it might be concluded that

Muiden Disease of donkeys is the same as Infectious Anaemia of

horses. This would be the only instance on record where a natural

outbreak of this disease has occurred in South Africa. Since the

outbreak in 1918, no further cases have been reported, but for all

we know, the disease in South Africa might be more widespread in

donkeys than it is in horses.

Summary.

1. In South Africa, Infectious Anaemia in case of horses has not

been observed to occur as an epizootic.

2. A natural outbreak of a disease occurred amongst donkeys in

Natal and assumed a rather viruleut character. This disease was
subsequently shown to be identical with equine Infectious Anaemia.

3. With the exception of the pig, the disease does not seem to

have been transmitted to any animal other than equines.

4. The distribution of the disease in the various Provinces of

South Africa is not known. This is probably due to the fact that the

disease in horses is met with as isolated cases, and probably confused
with Piroplasmosis.

5. The disease cannot be associated with any particular environ-

ment, nor can a seasonal prevalence be attributed to it.
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6. Inconstant results have from time to time been obtained by
injecting susceptible horses with infected blood and serum. This
may be the effect of an unequal distribution of the virus in the animal
body, or the presence of the virus in small quantities, or that in

some preparations of infected blood and serum, the virus dies out.

7. In view of these inconstant results, the only diagnostic test,

viz., blood inoculation, loses much of its value.

8. The viruses of Infectious Anaemia cannot be standardized as

regards virulency in the same way as the majority of Horse-sickness

viruses.

9. All attempts made to prove the existence of different strains

of viruses have failed.

10. Three types of the disease are usually recognized, viz., acute,

subacute, and chronic. It is doubtful whether a latent form occurs.

11. All clinically recovered horses under observation at this

Laboratory have retained their power to infect, and in one instance,

the blood of the animal was still virulent seven years after the last

attack. There was no falling off in the degree of virulency of the
virus.

12. All attempts made to provoke a fresh attack in clinically

recovered horses have failed.

II.

—

Haematology.

This section of Infectious Anaemia of equines has up to the
present been very unsatisfactorily dealt with, and in the present paper
it is proposed to consider it under the following :

—
(a) A short resume of the more important points raised in the

literature

;

( b ) technique as evolved by Dr. Neser (19) for blood of normal
equines; a short consideration of the important factors

which, according to Neser, govern the blood picture of nor-

mal horses

;

(c) the haematology of Infectious Anaemia horses;
(d) summary.

(a) Literature.

The results published so far have been very meagre and incom-
plete, and iu all cases unfair comparisons have been drawn with
an average obtained from a number of what are styled normal horses.

The results obtained from such so-called normal horses in many
respects differed within wide limits. Neser in his paper has clearly
shown that the blood picture of what appear to be clinically healthy
horses may vary within wide limits under certain conditions. For
that reason in the present paper a study was made in every case of
the blood picture of the animal, commencing before injection and
continuing after injection, during the period of incubation, during
the attack up to the time of death, in order to arrive at a true
relation of the animal’s own blood picture in health and during
disease. The literature may be considered under the following :

—
(a) Number of Erythrocytes.

Wirth): The more protracted the disease, the greater the
decrease in number.

Syderhelm (20) : Especially in chronic cases much reduced.
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Frohner : (a) In normal animals

—

(1) depends on feeding;

(2) geldings, 6.2-7 millions;
mares, 6. 2-6. 5 millions;

(
b

)

he considers

—

5-6 millions : Slight Anaemia in the disease

;

4 ,, : Medium ,, ,, ,,

2-3 ,, : Acute ,, ,, ,,

(b) Changes in Red Cells.

Wirth

:

(1) Polychromasia and Basophilia observed.

(2) Could not establish Poikilocytosis.

(3) Anisocytosis not observed (normal animals*
4-7. 5/i

;
average, 5.6/i).

Ostertag (21), Hutyra, and Mareh

:

Poikilocytosis and Ani-
socytosis not observed.

Frohner: (1) Poikilocytosis not observed.

(2) xAnisocytosis well marked (9.5y) (normal
animals, 3. 8-7. 6/

4
;
average, 5.8).

(3) Polychromasia and Basophilia not seen.

Finzi (22) : (1) Changes in sizes, 8-15/*.

(c) Erythroblasts.

Wirth : (1 ) Several erythroblasts in some cases.

(2) Some erythroblasts in Karyorrliexia.

(3) Their nucleus pyknotic.

f 6 = 4-6/4.

(4) Size
j

6 = 6-8u.

( 5 = 8-10/i.

(5) Megaloblasts not seen.

Frohner : (1) Megaloblasts and erythroblasts not encountered.

(2) Jolly bodies to same, extent as in normal
horses.

Seyderhelm: (1) Nucleated red cells only sometimes occur.

(d) Haemoglobin Content. (Sahli’s method.)
Wirth

:

More or less parallel with number of red cells.

Seyderhelm: Strongly decreased.

Frohner (normal, 65-95 %; average, 83% and anything
below 60 % was regarded as abnormal) : Infectious
Anaemia, 38-40-60 %.

Hutyra and Mareh : Decreased.
(e) Colour Index.

Hb
60

:

Carre and Vallee : Decreased.

Seyderhelm
(
Formula : Fi = Increased.

(f) Humber of Leucocytes.
Wirth: No figure given, but speaks of a decrease in some-

cases.

Seyderhelm

:

Usually decreased.
Frohner: (Normal, 8-9000).

(1) 6000-8000 in case of Infectious Anaemia.
(2) Hyper-leucocvtosis not observed.

Finzi

:

7000-7500.
P. Meyer (23) : 2800.

Hempel 124) : 2100.
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(g) Differential Counts.

Wirth :

Lymphocytes Monocytes.
Neutro-
philes.

Eosino-

philes.

Baso-

philes.
Path. Cells.

45-50% Incre

cytosis and
not demons

cas

1

ased,lympho-
monocytosis,

trable in all

es.

—
Decreased

and'

absent
in acute
cases.

Fe\v.

1. Rieder-

forms.

2. Reizungs
forms.

3. Unripe
lympho-
cytes.

Seyderhelm : 40-58 - 40-60 0-1 - -

Frohner : 60-70 — 35-55 N.U. — -

Jaffe :

(«) Acute

(5) Chronic
8-21 %
40-62 %

3-

8 %

4-

6

64-80
14-40 %

s-2
2-6

—
—

Can-e and
Yallee

:

(«) Acute
(A) Chronic Lymphocy-

tosis.

- 75-90 % - - -

JFirtz i

:

(

a

) Acute — *
Mononucle-

osis.

— — — -

(h) Technique.

Every worker who has been accustomed to the method of col-

lecting blood by means of the Thomas pipette for the purpose of

counting-

,
knows of the disadvantages attached to this method and

the inaccuracies that might he expected. The method is laborious

and takes time. When used in connection with the larger domesti-
cated animals, there is the further disadvantage, viz., one is not

able to bring the bleeder into the Laboratory.

By means of Neser’s technique, one sample of blood need only
be taken, and from it the number of the erythrocytes, the number
of the leucocytes, volume per cent., and haemoglobin content, can be
determined at one’s leisure in the Laboratory. From the one sample
as many determinations as required can be made to arrive at more
accurate results. Furthermore, by this method one deals with large
quantities of blood so that the percentage error is reduced to a
minimum.

The following is Neser’s technique that is now employed for

the examination of blood:—
(l) Smears .—Smears are required for two purposes: for the

Morphology and for differential counts of the Leucocytes. The best
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results in Morphological work are obtained by making the smear in

the following manner :
—

A small drop of blood is placed on a clean slide towards the
one end, and a suitable cover slip is brought into contact with the
drop at an angle of about 40 degrees. The drop then spreads out
between the two surfaces. The cover slip is now pushed over the
slide at a uniform rate, and a thin uniform film is obtained.

For the differential count of the Leucocytes, the following
method of taking the smear is found satisfactory :—A small drop
of blood is placed on to the slide towards the one side, a cover slip

is then allowed to fall on to this, the blood spreads out between the
two surfaces, the cover slip is then drawn gently over the slide at

such a rate that a fairly thin and uniform film will result. Such
films are satisfactory if they show the rainbow colours after being
made. Warning.—\)o not press the slip down on the slide, as this

will result in the destruction of the Leucocytes.

(2) For Counting Corpuscles the following method is adopted:—
(a) Drawing of the Blood.—This is done from the jugular vein.

For this purpose a fairly large hypodermic needle is required. The
needle is sterilized and then placed into paraffin wax. It is then
removed and kept in such a position that most of the wax will run
off, and only a thin film will remain over the surface, inside and
outside. After sterilizing the skin, the needle is inserted into the

jugular vein, the point being- upwards. It should be pushed into

the vein so that the point of the needle is at least half an inch above
the wound in the vein. This ensures that the blood drawn is actually

that wnich is circulating in the jugular at the time the blood is

taken.

.( b )
The Collection of the Blood.—For this purpose a small

bottle of' capacity 5 to 10 c.c., with a narrow neck, is used. A mark
is first of all made on the neck. By means of a burette, the volume
ol the bottle up to the mark is established. This volume is written

with a diamond on the bottle. For collecting the blood, citrate of

soda is found effective to prevent clotting, a 7| per cent, solution

being used. Of this solution sufficient is put into the bottle so that

the ultimate dilution will be exactly 10 per cent. Thus supposing
that the capacity of the bottle up to the mark is x c.c ., then the

amount of citrate of soda added is 0.x c.c. This should be done
with a Capillary Pipette. The blood is then run into this bottle

directly from the needle, until it just reaches to the mark M on the

bottle.

The advantage of collecting blood in this way is that one is

dealing with fairly large quantities, which will ensure that the per-

centage error is small. The advantage of a narrow neck in the bottle

is that one notices at once if too little or too much blood has been

drawn. Thus the total percentage error is reduced to a minimum.
(c) Before counting is proceeded with, it is necessary to dilute

suitably. For counting the red corpuscles a dilution of 1 in 200 is

generally suitable, whereas for counting the Leucocytes a dilution

of 1 in 10 is suitable. The dilution is affected as follows:—
For the Red Count.—Info a suitable vessel put 89.5 c.c. of

Hayem’s solution; to this add .5 c.c. of the citrate blood. This

gives an exact dilution of 1 in 200.
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For the White Count .—Into a bottle put 4 c.c. of a 3 to 1 per
cent, acetic acid solution; to this add .5 c.c. of tlie citrated blood.

The acetic acid destroys the red corpuscles, leaving the Leucocytes
intact. Where necessary, a small amount of methyl green may be
added to the acetic acid solution.

The Counting .—A suitable piece of apparatus for this purpose is

that devised by Burker. Before using the instrument, make sure
that the upper plate fits very accurately on to the side supports.

This will be the case when a rainbow colour is observed between the
two surfaces. To run the blood into the counting chamber, a small
glass pipette is found useful. Cut the pipette at such a point that

the size of the bore is such that the fluid will be drawn up into the
pipette for a height of about 1J inch to 2 inches. After shaking
the bottle well, dip the end of this pipette into the fluid; the fluid

rises in the pipette. Now withdraw the pipette rapidly, and bring*

the open end into contact with the plate covering the counting
chamber. The blood is drawn into the counting chamber by a
capillary action. In a satisfactory preparation, the corpuscles should
be spread fairly uniformly. Where this is found not to be the case,

it is best to make a fresh preparation.

The counting is done in the usual way. For the red count the
small squares whose area is 1-400 of a square man. are used. For
the white count the large squares with an area of 1-25 of a square
man. are used. It is advisable to count as many of these squares
as time will permit, as the ultimate result is likely to be more
accurate under such circumstances. Where possible, it is even
advisable to do the count with two or three preparations, and to take
the average. Different people use different methods for counting. The
following is recommended, as it leaves nothing* that is dependent
upon the individual. Consider every square as having two angular
sides. Reject every corpuscle that touches one of these angular sides,

and count in every corpuscle that touches the other angular side.

In applying* this rule, one should of course reject or count in a
corpuscle as the case may be, whether it touches the side from the

inside of the square or from the outside.

Differential Count.

This should be done in the usual way after proper staining.

General.

Observations on the blood of animals are only of value provided
that the circumstances under which the animals live are known. Thus
it is always advisable to get the following* information where possible:

Species; Sex; Age; Condition; Work; Stabling; Time when
blood is drawn with reference to feeding.

Where high speed centrifuges are available, the counting of the
red corpuscles can be entirely dispensed with, and in its stead the
percentage of red corpuscles can be obtained by means of a centri-

fuge. Obtain a uniform piece of glass tubing, cut into suitable

lengths, and seal off one end. When cool, introduce into the tube
a known volume of some fluid and mark this point. Then introduce



268

a further known volume of the fluid and mark this point. Now
suitably calibrate the tube. It is advised that the calibration be
done on a basis of 111.11 divisions. Seeing that the dilution of the
citrated blood is 10 per cent, the reading on the tube after centri-

fuging will give the exact percentage of red corpuscles present in

the whole blood. This information is more reliable than that obtained
by counting and is preferred to it.

The centrifuge should be allowed to run for at least half an hour
—even longer where the speed is not high.

The following are some of the more important conclusions arrived

at by Neser in his paper on the blood of normal equines :
—

1. Erythrocytes.

(a) Measurement.—From figures recorded, the diameter of

the erythrocyte may vary much in smears, from about

4y to Sy. The average remains fairly constant and is

for the horse about 5.5a.

(b) Colour.—It was found that with Sahli’s haemometer one
is likely to get different figures for the same sample of

blood, and from Meulengracht’s (25) work it appears
that Sahibs haemometer is an instrument whose readings

cannot be trusted, and according to Neser, the figures

in his tables cannot be relied upon to a degree of

accuracy greater than 5 per cent.

(c) Number of Red Cells.—Any individual count may give

a result as much as 10 per cent, over or below.

(d) Percentage Volume.—Neser thinks that the information

to be gained by the centrifuge is much more reliable

for healthy horses than the information to be gained

by counting. There is a fairly constant ratio between
the two, viz. :

—
Volume
Red Count

~~ " ’* ’

and from this the red count can be calculated.

(e) Colour and Percentage Volume.—According to the figures

of Neser, the haemoglobin content of the erythrocytes

of healthy horses may vary in the same individual from
time to time.

Hg
The following ratios,

jjp
(where Hg is Haemoglobin

content, and RP volume percentage), are given for

normal animals :

—

e.g. H. 13439. 14.10.20

25.10.20 „

H. 12312. 19.7.20 „

79

44
73

44
75

38 • 5

77

37-3

1-79.

1 • 66 .

1-

96.

2

-

06 .24.7.20- „



269

(/) The mode ox life of a horse is one of the main factors

determining the percentage volume, or number per unit

volume of red cells in jugular blood.

N.D .—The figures obtained lor percentage volume or count
of red cells are only of real value if the history of the
horse is known. The following illustrates the impor-
tance of such information, e.g. H. 13439 (stabled from
14.10.20) :

—
R.P. Hb.

Hh.
R.C.

R.P. (Number of red cell

14.10.20 44 79 1-79
„e, cube mm.)

8.11.20 35 57 1 • 63 8-1

22.1.20 29 52 1-76 6-7

H. 12312 (doing hard, fast work)

—

19.7.20 38-5 75 1-96 9-1

24.7.20 37.3 77 2-06 8-9

H. 13816 (stabled for months)

—

7.8.20 28 55 1-96 6-4

16.8.20 24 52 2-17 5-8

To what extent the red count may vary is well shown
Leucocytes.

(a) Number.—Verv variable, not only in individuals,

in same animal.
Lowest count in health 5,000.

Highest count in health
,
20,000.

On the whole, does not vary much from day to day, but
marked variations have been observed, e.g. H. 12312:—

22.7.20 8,000
23.7.20 11,500

(b) Differential Counts .—The proportion of various leuco-

cytes present in the horse’s blood may vary considerably
. between animals, and also in the same animal from
time to time :

—
(1) Extremes :

Max. Min.

Lymphocytes 50 25
Monocytes 9 0

Neutrophiles 62 34
Eosinophiles 15 1

Basopliiles 3 0

(2) Leaving out extremes, the percentage in the healthy
horse

:

Lymphocytes 30-45
Monocytes 2-8
Neutrophiles 45-60
Eosinophiles 3- 9
Basopliiles ... 6-3

Haematology of Equine Infectious Anaemia.

From the references already cited from Neser’s paper, it was
shown how much the blood of equines could vary in the same indi-
vidual under certain conditions. It was, therefore, endeavoured to

give animals in the various Infectious Anaemia experiments more
or lass similar treatment as regards feeding, stabling, and exercise.
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and samples of blood from these horses were drawn daily more or

less at the same time.

The study of the blood in each case was commenced before
infection in order to arrive at a comparison of the animal’s own
blood, studied during the period it was healthy and during the period

it was suffering from the disease. This was thought to furnish a

sounder comparison between the blood during health and the blood
during disease than had hitherto been adopted, namely, a comparison
drawn from the blood of a number of normal animals about whose
habitation, etc., nothing is mentioned and whose blood from
different individuals may vary within wide limits.

A study of the blood was made with reference to the following
points :—Haemoglobin content in some cases

;
percentage volume of

erythrocytes
;
number of erythrocytes per cubic mm. of blood

;
num-

ber of leucocytes per cubic mm. of blood; differential count; morpho-
logy. The figures obtained from the various cases will be found in

Appendix I, and those figures obtained for the number of erythro-

cytes, leucocytes, and differential counts were also charted. These
charts will also be found in the Appendix.

It is proposed to deal with these charts first. In each case, two
sets of graphs are given:—(1) Absolute count for leucocytes,

(2) relative count for leucocytes; besides these, the temperature re-

action, number of erythrocytes, and number of leucocytes were also

plotted. In the upper graph:—fl) The black line = thermal re-

action
; (2) black stroke line = absolute number of neutrophiles

;

(3) black dotted line = absolute number of lymphocytes
; (4) black

stroke and dot =?= absolute number of monocytes. In the lower
graph:

—

:(1) Black line = number of leucocytes; (2) black dotted

line = number of erythrocytes; (3) black stroke line = percentage of

neutrophiles; (4) black dotted line = percentage of lymphocytes;

(5) black stroke and dotted line = percentage of monocytes.

Number of Erythrocytes.

(1) From the charts it will be noticed that there is a gradual
decrease in the number of erythrocytes. It usually commences after

the first thermal reaction. The curve is gradually downward, and
continues as such as long as the attack remains acute. In some
cases, especially in the subacute type (e.g. H. 13528), the downward
curve commenced from the initial mild thermal reaction, from which
the horse recovered clinically, and continued to fall gradually until

the more acute attack was reached. The following were some of the

lowest counts registered :
—

H. 14789 from 6.2 to 3 m: ill ion in about 10 days
H. 15073 ,, 7.1 to 4.6

9 9 9 9 9 9 20 „
II. 14745 ,, 8 to 2 9

9

9 9 99 28 „
H. 15003 ., 6.6 to 4 99 99 19 29 „
H. 14848 ,, 8.5 to 3.4 99 99 99 30

‘

H. 14857 ,, 7.9 to 3.8 99 19 99 31 „
H. 12594 ,, 8.7 to 1.6 64 „
After the acute attack there is a gradual increase in(2 )

her of erythrocytes, and in some of the cases, after some time reached
the original count, if no further thermal reaction followed.

Number of Leucocytes.

This, it will be seen, A'aried within wide limits in the different

cases studied. Judging from the charts, it does not seem to bear any
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occurred from time to time, a condition which also occurs in the

clinically healthy animal, and for which Neser has found no
explanation. In this disease one cannot speak of a leucocytosis, nor
a leucopenia. In some cases, with the ouset of the initial thermal
reaction, a temporary leucocytosis may occur, and in some cases

a temporary leucopenia was encountered during the course of the
disease. In the former some horses exceeded 20,000 (e.g. H. 14745 on
one occasion registered 21,000), and in connection with die latter,

H. 11293 at one stage of the disease dropped as low as 2600.
In view of such extremes occurring in different animals, one

can very well understand how it is that some authors claimed to have
observed a leucopenia and others a leucocytosis. With the exception
of the few extremes referred to above, the number of leucocytes from
each horse remained more or less around a certain level, e.g. in

H. 14863 the count commenced high during health, and more or less

remained so during the disease.

Differential Co ext.

(a) Neutrophiles.

From the charts it will be seen that there is a decided increase
in the absolute number of neutrophiles during certain phases of the
disease. It usually commences a day or two after the onset of the
thermal reaction and remains more or less parallel with the tem-
perature curve, but slightly behind it. It may continue high for

some time after the cessation of fever. The increase is sometimes very
sudden, and in some horses registered during certain phases of the
disease as much as 95 per cent, of the total leucocyte count. If the
animal survives the acute attack and recovers, the number of neutro-
philes gradually sinks to its original limit.

(b) Lymphocytes.

With reference to the absolute numbers of lymphocytes, it will

be noticed that there is more or less a corresponding decrease. They
gradually rise to their original limit if the animal survives the acute
attack. Unfortunately no opportunity was offered to make a study
of long standing chronic cases in order to ascertain whether these

finally developed a lymphocytosis as described by some authors.

(c) The Monocytes.

From the different charts it will be seen that a gradual mono-
cytosis developed, and more or less in proportion with the decrease
in the number of the erythrocytes. It usually reached its highest
level at the time when the number of the erythrocytes was at its

lowest. The percentage in some cases was exceedingly high, e.g'. :
—

H. 14863: 20%, 22%.
H. 14745: 25 %, 30%, 37%.
FI. 15073: 13 %, 15%, 17%.

In the same way there was a steady decrease in the number of
monocytes with the return to normal of the erythrocytes.

(d) Eosinophiles.

With reference to these leucocytes, it might be mentioned that
at certain stages of the disease they decreased in number, and were
frequently absent for some time.
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Clinically Recovered Horses.

The blood of the following clinically recovered horses which were-
still virus carriers, were studied and the figures obtained for these
appear in Appendix I. The following are the numbers of the horses :

Hs. 12957, 6435, 12980, 12490, 13305, 13054.
From the figures it will be seen that nothing unusual can be.

recorded against these animals. In some there appears to have been
a slightly higher percentage of lymphocytes, whereas, in others, the
differential counts assumed more the figures given by Neser for the
average healthy stabled horse.

Morphology.

(1) Changes in the Erythrocytes

.

(a) Size. (See chart, page 49.)

The diameters of red ceils were determined by the ocular
micrometer. In a few cases anisocytosis was recorded, especially

in those cases where the disease was of a protracted nature, and in

which the number of erythrocytes dropped fairly low (e.g. H. 14745).
In a chart of this horse attached herewith, which gives the measure-
ments of the erythrocytes in graph form, notable changes are noted.

The measurement was commenced before symptoms appeared and
continued during the progress of the disease. On each date at least

200 cells were measured. Fi'om the chart it will be observed that as

the anaemia progressed and increased the erythrocytes became more
or less dimorphic, and the average size on some dates exceeded that
given by Neser (5.5/x) for clinically healthy animals, whereas on
others the average was slightly below that. The extremes registered

were :
—

Minimum diameter = 3/r.

Maximum diameter= 9ju.

(b) Shape, Colour, etc.

(1) Poikilocytosis, Polychromasia, and Basophilia recorded by
some authors were not observed.

(2) Haemoglobin content, colour index.

It has been pointed out by Neser and referred to above, that the

figures for the Haemoglobin content as determined by Sahli’s method
cannot be trusted. However, the colour index was determined in

several instances by dividing the Haemoglobin content by the volume
per cent, of erythrocytes as determined by the centrifuge. It was
found that these figures obtained for horses suffering from the disease-

did not vary by much more than those obtained by Neser for

clinically healthy animals. Examples:—

H. 12594.
84

12.11.21, i.e. before infection ^-a= 2
oo

70
5.12.21, i.e. after infection ~—2 ‘

3

9. 1.22,

19. 1.22,
77

|6

8 +
2
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— 9

= 2-1

= 1-7

= 2-1

(1) Megaloblasts were not observed. Normoblasts were met with,
but not to any appreciable extent more than what occurs in clinically

healthy animals.

(2) Jolly Bodies.—In some of the protracted forms (e.g. H. 11293)
of the disease there was a decided increase in the number of jolly bodies
above the normal. Sometimes as many as 25 per cent, of all the
erythrocytes in a field of the microscope were implicated. Sometimes
as many as three occurred in the same corpuscle. Their size also

varied from the usual chromatin points to circular masses of chro-

matin occupying a good deal of the centre of the corpuscle. Their
position in the erythrocyte varied; sometimes they occurred in the
centre and sometimes near the margin.

(2) Changes in the Leucocytes.

•{a) Lymphocytes.

(1) Rieder Forms.—These were seen but not frequently in

different horses.

(2) Reiz Cells.—These have also been observed. Probably these

cells are not really pathological cells, for they have also been seen by
Neser in clinically healthy horses.

(3) Other Pathological Lymphocytes.—Frequently cells have
been met with in the blood taken from horses suffering from the
•disease, which were difficult to classify. They have for the time being-

been designated as pathological lymphocytes. They varied in size

from medium-sized lymphocytes to medium-sized monocytes, and
even larger. Their nuclei were usually oval, sometimes spherical,

and around it the cytoplasm was disposed like a seam, usually narrow,
brit in a few cases a good deal of cytoplasm was present. No granules
occurred in the cytoplasm, which was stained intense blue, i.e. strongly
basophilic, and often very irregularly and faintly streaked with
white. Sometimes small clear spherical spaces occurred in the cyto-
plasm. The nearest approach to these cells will be found in Folia
Ilaematologica, Table 7, cell No. 9 [Pappenheim (26)], except that
4he nucleus of the later cell was somewhat different. The nucleus
of the cells was usually well stained and of a lymphocytic character.
In some instances, however, it assumed more a monocytic character
(e.g. in the smears of the following horses:—Hs. 12594 on 6.1.22;
14857 on 13.6.22; 14745 on 8.7.22).

(4) From time to time certain lymphocytes were encountered in

4he differential counts, and great difficulty was experienced in deciding

H. 11293. 21. 1.22

8 . 2.22

16. 2.22

10. 3.22

17. 3.22

<(c) Normoblasts, etc.

70

34

56

26

50

24

30

18

39

18
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whether they belonged to the lymphocytes or to the monocytes. So
much depended upon the personal equation. These will be more
fully referred to under the Monocytes.

(5) A very few lymphocytes were encountered (e.g. H. 14745 on
2.7.22) in which the cytoplasm showed several small clear spherical
spaces evenly disposed around the nucleus.

(b) Neutrophiles

.

On several occasions (e.g. H. 12594 on 7.1.22 and 19.1.22;
H. 14745 on 29.7.22; H. 13528 on 20.7.22 and 9.8.22; difficulty was
experienced in distinguishing certain forms of neutrophiles from the
“ transitional forms ” of Monocyte. Instead of the characteristic

neutrophile nucleus, it assumed more a monocytic character, being
evenly leptochromatic and horseshoe-shaped, not segmented. In such
cases the neutrophile granules appeared more prominent but not so
evenly distributed as in the typical neutrophile cytoplasm.

(c) Monocytes.

(1) These occurred in various shapes and sizes, and sometimes
during one period of the disease “ the transitional form ” was more
in evidence, and at another time “

the mononuclear form.”

(2) As already mentioned, often great difficulty was experienced
in distinguishing between certain forms of lymphocytes and certain

forms of monocytes, especially when granules in the latter were not
demonstrable, in spite of overstaining as suggested by Naegeli (27).

The size and nuclear characteristics of these cells were often so con-
fusingly atypical that it was almost futile to attempt classification

into lymphocytes and monocytes. The greastest emphasis was placed
upon the character of the nucleus of these cells.

(3) Apparent extrusion of portions of the cell body was not
uncommonly met with. This phenomenon [also referred to by Da
Costa (28)] produces a peculiar frayed out, ragged appearance
around the periphery.

(4) A few monocytes were observed in which a fairly large lepto-

chromatic nucleus was embedded in a great amount of cytoplasm
of a faint, grey colour. The nucleus as a rule was faintly indented,

and showed no definite nuclear membrane
;
in fact, it almost resembled

what Pappenheim styled as a myelogenous nucleus. ITe states that

pathological monocytes often have a myelogenous nucleus.

(3) Erythropliagocytosis.

Erytlrrophag’ocytosis by monocytes was regularly encountered in

the blood of animals suffering from the disease. The engulfed
erythrocytes occurred in all stages of degeneration, and their sizes

and numbers varied in the different monocytes. When the anaemia
was at its height, the erythropliagocytosis was usually most pro-

nounced, and a large number of monocytes were involved. Usually
the “ large mononuclear ” type was implicated. Besides (a) yellowish-
green spherical disks (undoubtedly the remains of red blood cells) of

different sizes, but as a rule not small, many monocytes showed
(b) clear spherical perfectly circumscribed areas of different sizes,

and as a rule much smaller than the above. These latter resembled
vacuoles. On account of these variations, the monocytes in the text

have been styled : (A) phag. monocyte, i.e. monocyte with definite

remains of red cells; (B) vac. monocyte, i.e. monocytes with vacuoles.



With reference to this question of' erythropliagocytosis, the obser-

vations of some investigators may he considered. In his description of

the vacuoles occurring in the monocytes, Dieckmann (43) states:
“ Besides the cells with one or more vacuoles of the size of a red

blood corpuscle, there were monocytes which possessed a fine

vacuolated cytoplasma.” The latter vacuoles according to him are of

common knowledge in the “large mononuclears”; the larger

vacuoles he regards as artificially produced, the phagocyted cells being
squeezed out during the preparation of the smears. Paul Meyer’s
observations in connection with a few cases of Infectious Anaemia of

equines are also very interesting; in acute case No. 15 there was a
pronounced increase in the number of the “ mononuclears ” and the
“ transitionals,” and these cells showed in their cytoplasma phago-
cyted erythrocytes and a rapid degeneration of these engulfed ceils

within the space of a few days. According to Meyer, the mononuclears
and transitionals play a very important part in removing broken-down
erythrocytes. Paul Weil (44) described an erythropliagocytosis
occurring in the circulating blood, in which case red blood corpuscles
were taken up by phagocytes and broken down within these cells.

In all cases the “ mononuclears ” were concerned, and the proto-

plasma of these regularly showed a few or a number of vacuoles.

Summary.

1. It was deemed necessary in each case to make a comparison of

an animal’s own blood, studied during the period of health and during
the period of disease.

2. The decrease in the number of erythrocytes, which in some
cases dropped below two million, was a gradual progressive one.

3. It appears that one cannot speak of a leucocytosis, nor of a

leucopenia.
4. There was a marked increase in the absolute number of neutro-

philes, which usually followed on a thermal reaction.

5. There was a corresponding decrease in the absolute number
of lymphocytes.

6. A monocytosis gradually developed, and more or less in pro-

portion to the decrease in the number of the erythrocytes.
7. At certain stages of the disease, the number of eosinopliiles

decreased and these cells were frequently absent for some time.

S. In clinically recoi’ered animals, which were virus carriers,

no pathological condition of the blood was found.
9. In the more protracted cases, where the Anaemia was acute,

anisocytosis was observed.
10. Poikilocytosis, polychromasia, and basophilia were not ob-

served, nor was there any appreciable variation in the haemoglobin
content.

11. Normoblasts did not occur to a greater extent than what
occurs in clinically healthy horses.

12. Jolly bodies at certain stages of the disease occurred more
frequently than in normal horses.

13. Many, what for the time being might be called pathological
lymphocytes, occurred, besides Rieder forms and Reiz cells.

14. Often great difficulty was experienced in differentiating be-

tween certain forms of lymphocytes and certain forms of monocytes.
15. In the course of the disease, the monocytes regularly showed

erythropliagocytosis.
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III.

—

Pathologic Anatomy.

This has already received the careful attention of many authors,,
and in this paper it is intended to refer only to certain aspects of
the pathologic anatomy.

In Appendix II the main lesions observed in the various types-

of the disease have been summarized, and these may be briefly con-
sidered :

—
(a) Acute Cases .—The most important lesions were those of

anaemia, icterus, extravasations of epicard and endocards, enlarge-
ment of spleen, enlargement, pigmentation, and fatty degeneration
of liver, fatty degeneration of myocardium, enlargement and hyper-
aemia of some of the lymphatic glands, degeneration of kidneys, in

some cases a parenchymatous nephritis, subserous haemorrhages in

peritoneum, and pleura.

In connection with the Anaemia one might mention the watery
condition of the blood and its ligdit colour. Most of mucous mem-
branes, e.g. conjunctival, tracheal, laryngeal, intestinal, bronchial,
etc., were pale and tinged with yellow. The icterus vaiied in the
different cases. It was usually spread over the whole body, and was
manifested by the yellow colour of the fat and the brownish-red
colour of the flesh, and was also noted in the various mucous mem-
branes.

The extravasations met with in connection with the heart varied
in size and intensity from mere petechial to large haemorrhagic areas

in the subserous layer. Usually the epicard and both endocards were
involved, and in practically all cases the left endocard was affected.

In connection with the enlargement of the spleen various modi-
fications were met with. From very extensive swelling of the whole
organ with a dark haemorrhagic protruding pulp, in which the out-

lines of the trabeculae were hidden to a great extent, to moderate
enlargement of the spleen, which on section appeared slightly darker
than normal. In these latter cases, the malpighian bodies were
usually prominent but somewhat irregular in shape, and the con-
sistence of the whole organ was firmer and more flesh-like than in the
above cases with protruding pulp.

In acute cases many of the lymphatic glands were enlarged, and
on section presented a moist, weeping surface. Some of the glands,

e.g. renal, intestinal, i.e. chiefly those in relation with organs, showed
hyperaemia besides, and a few, e.g. splenic, periportal, were often

greatly enlarged and haemorrhagic. In many of these glands the

follicles were much swollen and prominent and situated in a moist
hyperaemic gland substance.

With reference to the subserous hae/morrhages, it may be said

that these also varied in size and intensity from mere pefechiae to

fairly large haemorrhagic infiltrations. They usually occurred along
the dorsal wall of the parietal peritoneum and parietal pleura, exten-

ding on to the diaphragm and mediastinum. Often these haemor-
rhages also occurred under the visceral parts of the peritoneum and
pleura, e.g. on some of the intestines, in the spleen, lungs, etc. These
haemorrhages may not occur in acute cases.

Characteristic lesions were always observed in connection with
the liver. The organ was always much enlarged, especially from
before backwards, and edges rounded. The colour varied from a

yellowish-brown ('cooked) appearance to brown and red dish-brown ~
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The consistence was as a rule softer, more triable, and on section the

cut surface appeared greasy and lardacious. The lobulation was as

a rule well defined, in which could be identified a dilated central

vein and around it an irregular zone of pigmentation. Its intensity

and amount varied in the different cases and may involve a consider-

able part of the lobule. In some cases there is also pigmentation,
but to a much less degree, in the lobule bordering on to the periphery.
The pigment is usually of a brownish hue, but in many places it had
a greenish tinge. The periphery of the lobule is usually very evident
and has a greyish, glossy white appearance, in which may be made
out distended vessels.

With reference to the myocardium, it may be said that it usually
shows well defined alterations. The cut surface is opaque, dull

looking, greasy, and distinctly paler in colour, in many cases

resembling a cooked appearance. The consistence is softer and often

more friable.

The appearance of the kidneys is most varied. They are usually
enlarged, abnormally soft, opaque, and have a greasy feel. The cap-

sules can be easily detached, and in many cases on the surface of

the cortex small haemorrhages may be present. There may be in-

jection of the cortical vessels as well as injection of the medullary
vessels, often giving this later zone a hyperaemic appearance. The
glomeruli are as a rule prominent.

In the stomach the mucosa of the pyloric portion may present

no unusual appearance, but there may be present hyperaemic patches

and, in some cases, even haemorrhages into the mucous membrane
are observed.

The small intestines may show thickening’ of the mucosa, and
hypernemia in patches, stripes, or streaks is usually present. Some-
times haemorrhages occur. In the large intestine a similar appear-

ance is to be encountered, hyperaemic areas and haemorrhages.

( b ) With reference to the subacute cases, it might be mentioned
that these usually show the same lesions as described in the acute

cases. Animals suffering from the subacute form usually succumb
during an acute attack.

(c) In connection with the chronic type irsually one of two things

may happen :
—

(1) Animals may succumb during an acute attack after a long

protracted illness which has lasted for months. In such cases many
of the lesions observed in the above cases may be present. The car-

cass, however, is in poor condition, and usually emaciated with

lesions of decubitus over bony prominences, and as a rule, oedematous,

or more frequently gelatinous infiltrations of connective tissues. The
fat in the connective tissues is very poorly developed, or generally

almost absent.

(2) Animals may die from extreme poverty and exhaustion with-

out showing a final acute attack. Lesions of a cachexia in these cases

would be evident, such as a blanched appearance of mucous mem-
branes, gelatinous infiltrations of connective tissues, decubitus,

liide-bound, etc. The liver may be of normal size, or somewhat
atrophied, appearing of firm consistency and often somewhat bluish

in colour. There may be a slight degeneration of the parenchyma •

and a varying degree of brownish pigmentation. The lobulation

appears well marked, Glisson’s capsule being always distinct, and
sometimes even appearing to be slightly increased.

.
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In these cases the spleen is not enlarged. The pulp is firm and
dry. The kidneys are often of usual size, but may be slightly smaller
than usual. The lymphatic glands of the body may be more or less

normal in size, but are sometimes enlarged through oedema, and on
section are somewhat juicy, and in most cases pale.

It is these cases which at post-mortem offer a great difficulty to

a definite diagnosis, and such cases need always to be confirmed by
blood inoculation.

(d) Clinically Recovered Cases .—In those animals killed for

post-mortem practically nothing unusual was observed.

Summary.

The main lesions observed in

—

(a) Acute type :—Anaemia, icterus, extravasations of epicard
and endoeard, enlargement of spleen, enlargement, pigmentation
and fatty degeneration of liver, fatty degeneration of myocardium,
enlargement and hyperaemia of some of the lymph glands, degeneia-
tion of kidneys, subserous haemorrhages.

(/>) Subacute type

:

— Horses suffering from this type of the
disease, when they succumb usually do so with an acute attack, in

which case the lesions resemble those described for the acute type.
(c) Chronic type -.—Horses suffering from this type of the

disease

—

(1) may succumb with an acute attack, in which case besides
lesions of cachexia and poverty, they may show many of

the above lesions described for the acute type;

(2) may succumb without an acute attack, in which case lesions

of poverty and cachexia are the predominant features.

Mote.—With reference to the gross anatomical alterations said

to occur in the bone marrow, the conclusions of Theiler and Kehoe,
and of De Kock, may be quoted, namely, that the bone marrow of the
humerus and the femur showed no pathognomonic appearances, and
in some acute cases the marrow was fat throughout without any trace

of an haemorrhagic focus.

IV.

—

Pathologic Histology.

This section will be considered under the following heads :
—

(a) The pathologic histology as described in the literature.

( b

)

The pathologic histology of cases studied here.

(c) Summary.
(d) Discussion.

(a) Most important papers bearing on the subject have been pub-
lished by Seyderhelm (20) and Jaffe (10). They have interpreted the

lesions observed differently and have arrived at totally different con-

clusions. The most important points raised in the various papers
which allude to the pathologic histology can shortly be summarized.

(1) Seyderhelm considers the lesions observed as myelogenous
infiltrations of secondary blood-forming organs, especially of liver

and spleen. These organs were crammed with enormous cell masses,

i.e. stages of the “ erythropoese ” and “ leucopoese ” next to one
another. In the spleen the pulpa is very prominent and rich in

cells. Besides small lymphocytes, he encountered lymphoid cells,

myeloblasts, myelocytes, eosinophiles, basophiles, with the follicles



more or less reduced. In case of the liver, the septa in many
places were pushed apart by a tissue uncommonly rich in cells. The
arrangement is focus-like, strongest developed at the periphery of

the acinus. It would appear, they say, that one is dealing with two
classes of cells, (a

)

extravascular, periportal, consisting of myelocytes
and leucocytes, and (b) intravascular cells, especially lymphoid cells

and normoblasts. These were seen in cases with a chronic course and
also in the acute cases with Anaemia, except in one case (X), which
never reached the stage of Anaemia. Here there was no sign of a
myelogenous infiltration. In case of LX the cell infiltration appears
to have been of the nature of a lymphoma.

(2) Jaffe considers two types of the disease, acute and chronic.
In case of the spleen the acute type shows an enormous richness

in blood in the widened sinuses, the red cells lie closely pressed against
one another. Numerous erythrocytes also appear in the pulpa
strands, where they are phagocyted. In these, the erythrocytes appear
from red cells to brown pigment in lumps. Even leucocytes one may
find phagocyted. Between macrophagocytes and erythrocytes one
finds smaller and larger lymphoid elements with narrow basophilic
cytoplasm, which gives no oxydase reaction. Further, one finds in

varying numbers, plasma cells and sometimes great numbers of

eosinophiles. Normoblasts seldom occur. Malpighian bodies
are sometimes loose, but often unchanged. Germ centres did not
allow themselves to be differentiated. In chronic cases, masses of

iron-like pigment in the form of small granules and large lumps
appear in the pulpa, leaving the follicle free. By Turnbull’s re-

action, this pigment stains blue and is to a great extent taken up by
wandering cells. More seldom, one finds macrophagocytes containing
erythrocytes. Besides, one can make out lymphoid cells, plasma cells.

In case of the liver
,
according to Jaffe, the Kuppfer’s stern-

zellen play a part in the change of the pigment. Already after

the first fever remission they are filled with pigment. The stern-

cells with corpuscular elements become round and loosen them-
selves from the capillary wall. The young stern-cells are round to

oval. Their nuclei are round with pretty chromatin arrangement.
Their cytoplasm with giemsa stains reddish-violet and often con-
tains fine pigment granules. These cell forms, in the first place, indi-

cate the cell richness of the capillaries. Besides there may occur
red blood corpuscles, rich eosinophiles, single lymphocyte-like plasma
cells, and neutrophiles.

Pigment cells also appear in great richness in the central veins
and in the branches of the vena hepatica, but in the branches of

the vena portae they are rarer. In the periportal tissues one sees

small collections of lymphocytes and plasma cells. The liver cells

are mostly free from pigment and mostly unchanged.

In the chronic form the pigment deposits increase in the liver.

Through the enormous introduction of damaged erythrocytes into the
spleen, it becomes overburdened and the stern-cells of the liver func-
tion to a great extent. They build up large clusters which lie em-
bedded like a new tissue in the liver parenchyma. These cells are

similar to those seen in acute stages of phagocytic stern-cells. The
phagocytes lie so closely pressed together that one can no longer
differentiate the individual. The cells are filled with fine or large
blue granules and many cells stain a diffuse blue. Between tbe
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stern-cells with gienisa stain, one recognizes single large strongly
basophil cells with vesicular nuclei. The liver cells show no pathologic
changes as a rule. Jaffe states that with reference to myeloid meta-
plasia of the liver, as described by Seyderhelm and Stroh (29), he
could not confirm.

Lymph Glands .—Swelling depends on a hyperplasia of lym-
phadenoid tissue. The peripheral follicles are clearly separated and
contain germ centres rich in division. In the widened sinuses lie

lymphocytes, sparse blood corpuscles, and a few desquamated endo-
thelial cells. Also iron pigment appears in endothelial cells. In
chronic cases black-brown pigment occurs in the medullary strands.

Its origin is unknown. One also meets with eosinophiles. The hyper-
aemia is due to engorgement of the blood vessels. Jaffe thinks that

the bone marrow changes in infectious anaemia of horses, referred

to by Seyderhelm is of no characteristic importance, seeing that its

picture in individual cases varies between wide limits.

The kidneys which Jaffe studied showed few characteristics.

Sometimes the vessels contained closely thrown together red cells,

and here and there hyaline casts. Glomeruli were unchanged.
According to Jaffe, the stomach, pancreas, lungs, and brain

showed nothing to report on.

(3) Siroh (29), contrary to Seyderhelm, could not show the pre-

sence of erythroblasts, megaloblasts, and megalocytes in the blood,

liver, and spleen smears. He too, however, found myeloid metaplasia
in liver and spleen.

(4) Luhrs could not find any characteristic alterations in the

organs. The myeloid cell accumulations in liver, described by the

Japanese and Seyderhelm, he could not identify. He found haemo-
siderin in the liver and spleen, and in the latter observed all stages

of broken up erythrocytes up to mere crystals. In acute enlargement
of the spleen there is congestion of the spleen sinuses, and pulp
strands with blood and its broken-down products. The alterations

observed in the cortical zone of the kidneys were interpreted by him
as follows:—The red streaks and specks were due to accumulations

of red cells and the greyish nodules were the result of accumulations

of round cells and leucocytes.

(5) Mrowka (30) in studying the nature of the spleen lesions,

was struck by the great amount of pigment which he found in sections

made from ten horses which appeared to be normal. This pigment
was to a small extent intracellular and acquired most varied shapes.

He showed that the pigment was maiuly iron-pigment. Besides lym-
phocyte-like round cells there were also eosinophiles and basophiles.

However, often eosinophiles failed to be present. In the normal
spleen, moreover, the follicles appeared to be small, of variable number,
and free of pigment. In connection with infectious anaemia, he did

not observe any indication of myelogenous metaplasia in sections,

nor in smears. He finally concludes that the histological examination

of the spleen offers very little valiie for the diagnosis of infectious

anaemia, except in those cases where there is extreme pigment sup-

pression or pigment poverty. This, however, he regards as only of

relative value, fit may be stated that Jaffe could only account for

pigment poverty in one case.) Mrowka thinks that the hyperplasia

of the follicle and the pulp is related to new-formed functional tissue

cells, which in turn bring about pigment poverty, and this may be
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regarded as a liealing process. He concludes that the study of haemo-
siderin and its causes in general and in the spleen requires more atten-

tion before final conclusions can be drawn.

( b )
The Pathology of Cases Studied Here.

Technique .

Horses were either allowed to die of this disease or killed for a
special purpose during a stage of the reaction. In all cases material
was collected almost immediately after death and small pieces were
fixed in the following solutions:—(1) Zenkers, (2) Orths, (3) forma-
lin (1 in 5). It was subsequently found that for practically all

purposes material fixed in formalin gave the best results, except in

cases where the giemsa stain was employed, for which case Zenkers
was retained. At the same time, smears were made from the bone
marrow (rib, sternum), spleen, liver, kidneys, and gland, and stained
with Pappenheim’s modification of giemsa-. In case of kidney, gland,
liver, and spleen smears, the exuding blood was first scraped off from
the cut stirface, and then the organ tissue was scraped in order to

endeavour to obtain samples of the cellular elements of the tissue as

well as of the blood cells present in the tissue.

Various methods of staining were resorted to in the majority of
eases, to endeavour to show up the nature of the cellular elements
which play such an important part in the various lesious observed.
The following were the chief stains employed, practically as described
by Herxheimer (31), but useful information was also obtained in

other books of reference, amongst which might be mentioned that of

Mallory and Wright ‘(32) :
—

1. Haemalum and Eosin after P. Meyer ... (H)
2. Sudan III (S)

3. Giemsa with slight modification in the (G)
xyl ol-acetone di iferenti ation

4. Berliner blue reaction (P)
5. Van-Gieson (V)
6. TJnna-Pappenheim methylgreen-pvronin as

modified in Mallory and Wright
T. Oxydase reaction. Graham’s alphanaphthol- (0)

pyronin stain. Unfortunately, Schultze’s

reaction could not be tried, as one of the
reagents could not be obtained in South
Africa

The cases examined may be classed into two groups :
—

() Cases which died some years ago, about 1916, 1917, 1918,
in which no actual study was made of the blood before infection and
during reaction. The material from these cases were preserved in

formalin only, and no organ smears were made. Many of these

cases were already examined by Sir Arnold Theiler as far back as

1917, when he drew attention to the chief lesions, especially as re-

gards those observed in the liver. ' A summary of these cases will

be found in Appendix II.

() Recent Cases .—By the advice of Sir Arnold Theiler, and
under his guidance, I commenced the study of the pathologic histo-

logy of a number of cases summarized in the appendix. The history

of each case studied will be found in the tables, and in the
majority of the cases a study was made of the blood, commencing
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period of incubation, during reaction, right up to the time of death
of the animal.

This procedure was regarded as absolutely essential (already
explained under section : Haematology) in order to arrive at a rela-

tion between the blood picture during the disease and the subsequent
pathological lesions.

These cases more or less fall into the following groups:—
(1) Acute Cases

H. 14857 killed in extremis.
H. 14848 ,, „
H. 15073 ,, ,, ,,

Dk. 14509 died.
H. 12594 killed during a reaction.
H. 13200 killed during initial reaction.

H. 14880 „

(2) Subacute Cases :

—

H. 14745 died after acute symptoms.
H. 11293 killed 59 days after last reaction.

H. 14863 „ 27 ,,

H. 11894 mild subacute case on the way to recovery.
Killed during a slight thermal reaction.

(3) .4 Chronic Case :
—

H. 13414 killed 87 days after infection and during a

thermal reaction.

(4) Clinically Recovered Case :—
H. 12957 died of shock as result of transfusion.

H. 10948 killed
;
last reaction in March, 1918.

In Appendix II a summary will be found of the chief lesions

observed in the different cases. These will now be considered for

the different types of the disease, dealing more or less with the

various organs in the following order:—Liver, kidney, spleen, gland,
hone marrow, heart muscle, and other organs.

Acute Type.

The cases included under this type will be considered according
to the severity of the disease, e.g. H. 13200 and H. 14880 killed in

the initial stage of the disease; H. 15073 (25 days) and Dk. 14509
(26 days), the disease already well developed; H. 14848 (31 days)
and H. 14857 (37 days) very acute but slightly more protracted;
H. 12594 (44 days) acute but bordering on to the subacute type.

(A) Liver.—The chief lesions observed in this organ were:—
Congestion, fatty degeneration, abnormal pigmentation, and erythro-

phagocytosis, cell accumulations in septa and lobule.

(1) The Shape of the Lobule.—The cases in the initial stage of

the disease usually show a congestion with little derangement of the

structure of the lobule. In well developed cases the rows of liver

cells have become distorted chiefly around the central vein, on account
of congestion, and on account of extensive accumulations of cells in

the capillaries between the rows of liver cells and in the septa. In the
latter, the cell accumulations encroach on to the contour of the lobule.

(2) In the initial cases, a certain degree of damage was observed
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in tile liver lobule, as is evidenced by a fatty degeneration. Its dis-

tribution in the earlier cases observed was nearer the septa, and in

H. 14880 it was in the form of a distinct zone, bordering directly

on to the periphery of the lobule. In some of the well developed
cases, the- fatty degeneration was situated around the central A’ein,

where practically all the liver cells were involved and large droplets

of fat occupying' the greater part of the cell. In some of the acute
ji i’-j-i 1

-.generation was not so extensive, and occurred more

(3) A certain amount of abnormal pigmentation was already
observed in the early cases. In H. 13200 the liver cells bordering
on to the periphery of the lobule seemed to be affected with an
abnormal amount of liaemosiderin, in the form of loose scattered

granules of unequal size. In case of H. 14880, the endothelial cells

in the capillaries, between the rows of liver cells, have begun to

function prominently, and here and there these cells have broken
away and are lying' free in the lumen of the vessel. These cells

contain clumps of iron pigment.

As the disease develops, the proliferation of these endothelial

cells, i.e. probably the so-called Kupffer’s sternzellen become very
evident and numerous. In places, clusters of these cells appear,
greatly distending the intralobular capillaries, and causing distortion

of the rows of liver cells. The majority of these sternzellen lie free

and contain all sizes and numbers of phagocyted erythrocytes. These
latter with the Berliner-blue reaction show up as an iron pigment,
and with haemalaum-eosin stain they assume a browner colour than
that of the normal erythrocyte. Sometimes the endothelial cell is

crammed with such large lumps of this iron pigment, that the struc-

ture of the cytoplasm and nucleus cannot be made; they appear
as large blotches. Xo doubt the majority of these desquamated
sternzellen drift into the central vein of the liver lobule, where num-
bers of them can be made out amongst the other cells of the blood.

In this way, the majority of them will eventually land in the general
circulation, and finally reach the jugular A’ein, from which the
sample is draAvn for the study of the blood. These cells undoubtedly
form a great percentage of the phagocytic monocytes, which occur
during the stage of monocytosis, referred to above.

With the exception of the liver cells, the stern-cells are amongst
the largest cells which occur in the liver lobule.

In Avell developed cases there is, besides the liaemosiderin, a fair

amount of a brown granular pigment situated in the liver cells,

chiefly in the vicinity of the central A’ein.

(4) Cell Accumulations.—According to the seA’erity and duration
of the disease, these cell accumulations increase and become more
prominent. They may occur inside the lobule or in the septa.

(a) The cell accumulations in the lobule are as a rule made up of

these clusters of sternzellen, amongst which a number of nucleated
cells of the blood may be mode out, especially lymphocytes and
neutrophiles. Amongst the former are included cells with a strongly
basophilic cytoplasm surrounding a leptachro mafic nucleus, the cyto-

plasm being disposed as a seam around the nucleus. In some cases

plasma cells have also been made out.

(h) The cell accumulations in the septa are usually associated
with small blood vessels. They are chiefly of the “ lymphocyte

18
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.series ” ( ?), amongst which can be made out the above-described
lymphocyte cell and plasma cells. Neutrophiles and a few eosinophiles
were also identified, besides a number of free-lying tissue nuclei,
leptochromatic and of a vesicular character. In H. 14857 there was an
apparent increase in the number of bile ducts.

(5) Smears made from the livers of these cases usually showed
the following cells :

—
(a) Liver cells, in many of which a greeuish granular pigment

coiibl be identified. Some showed all sizes of clear spherical
spaces.

(b) Cells of the, lymphocyte series, amongst which occurred those
with a seam of strong basophilic cytoplasm, sometimes con-
taining small clear spherical spaces.

(c) Endothelial cells with a leptochromatic nucleus without a
well defined nuclear membrane. In some the nucleus was
indented. The majority of these cells showed erythro-
phagocvtosis. Some of them had distinctly monocytic
characters as regards nucleus and granules.

(d) Neutrophiles not frequent; few eosinophiles were also

observed

.

(e) In none of the smears were erythroblasts or myelocytes
identified.

(B) Kidneys.—(1) Usually not much derangement of the tubules
was observed. Besides congestion, there were in places cell accumu-
lations, and these usually occurred in between the tubuti contorti

and associated with some of the vessels in the intermediary zone.

(2) Changes also occurred in the epithelium of the tubule, viz.,

the loss of nuclei in some parts, a broken up appearance of it's cyto-
plasm in places, and certain amount of debris in the lumen of the
tubule. In places the nuclei were smaller and distinctly pyknotic.
These changes chiefly affected the tubuli contorti. The epithelium
of some of them showed fatty degeneration, but often this was more
marked in tubuli recti. In some cases there was only a trace of

fatty degeneration

.

(3) The vessels in the interstitial tissue were as a rule congested,
especially those in the medullary zone. In places they were much
distended and showed the presence of an homogenous material which
stained a brick colour with Sudan III, probably plasma. Here and
there in the vessels, chiefly in the glomeruli, a few scattered cells

containing iron pigment were identified.

(4) The cell accumulations varied in size and number and their

outlines were often very irregular. The cells were mostly of the
lymphocyte series ” (?), amongst which plasma cells could easily be

identified. There was always a fair number of neutrophiles present
and a number of free-lying leptochromatic tissue nuclei. In these

accumulations, and in smears made from the kidney, no myelogenous
metaplasia could be identified.

(C) Spleen-Gland

.

—With reference to the spleen great difficulty

was experienced in definitely identifying any particular lesion with
the disease.

’(1) The malpighian bodies were as a rule more irregularly dis-

posed, and not so well developed as experienced in the examination
of a number of spleens from clinically healthy horses. For com-
parison see Table 6. The periphery of the malpighian body was as

a rule irregularly frayed out, sending irregular strands of lymphoid
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tissue into the pulpa. On (be other hand, the pulpa was much con-

gested and encroached on to the malpighian body. In many cases

the congestion was acute and segregated irregular masses of lym-
phoid tissue here and there. In some sections stained with haerna-

laum-eosin, the irregularly disposed blue strands of lymphoid tissue

formed a pretty picture with the congested brick-red pulpa, which
was much more developed (e.g. Hs. 15000, 14745).

(2) Great variations were met with in the different cases

examined, as regards the amount and distribution of the pigment in

the spleen. The pigment was chiefly haemosiderin, and occurred in

various quantities. It was chiefly crowTded into the pulpa, leaving
the malpighian bodies as a rule free (e.g. H. 14880), but in a few
cases pigment also occurred in the malpighian body (e.g. H. 12594).

In Table 6 a comparison was attempted of the prominence of

the malpig’hian bodies and the amount of the pigment in the spleen.

In the same table the amount of pigment found in the gland is also

given. In connection with the latter, it might be stated that the

splenic g-land was as a rule utilized, and some of the glands
examined showed fairly marked congestion.

Fiom the table, it will be noticed that when the attack was acute,

(he pigmentation of the spleen seemed to be somewhat suppressed,
in other words, that the spleen during certain phases of the disease

may not function normallv as regards its iron metabolism. How-
ever, it was felt that such an important conclusion was not justified

at this stage, especially as so much uncertainty still exists as to the

true nature of the normal spleen, and most probably this organ may
vary as much as the blood under different conditions (already

referred to).

Table 6.

Spleen. Gland.

No.
rr, a

Type of o
of Horse. Disease. 'S''? r

-

g P* C 03

Ig
E "3

1 'S

"8

O 03

2Q ££ S
o
Ch

a C c rQ

15073 Normal + t t

10948 Clinically recovered + t t
12957 Clinically recovered + t

13200 Killed, initial stage + Br. t Br. t
14880 Killed, initial stage + t —
13414 Chronic + Br. t Br. t
11345 Chronic + t Br.
11241 Chronic + Br. t

11894 Mild \ + t t
14863
11293 Acute

|

Subacute. +
t
t

t

t
14745 Acute I t t

12594 Acute + •1 t
14857 Acute + t t
14848 Acute + t Br. t
15000 Acute + t Br.

15003 Acute + t t
8141 Acute + t
11070 Acute + Br. t Br.
11390 Acute + Br. t

t stands for iron pigment.
Br. stands for brown pigment, in some cases probably due to formalin deposit.
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(3) It miglit he mentioned that smears made from ihe spleen

and the gland showed no signs of a myelogenous metaplasia. It was
again felt that too little is known about the various cells which
occur in the smears made from normal animals, to make any com-
parison with the cells observed in smears made from animals affected

with the disease.

(
D

)
Bone Marrow.—As far as could be ascertained, no marked

alteration was observed. There was no preponderance of any par-

ticular cell to the exclusion of any other type. Endothelial cells

with phagocyted erythrocytes were also encountered.
(E) Heart Muscle.—All cases showed the presence of fatty de-

generation, which in many of the cases affected the majority of the
fibres. In one case, phagocytes with iron pigment were seen in the
blood vessels.

Lungs. In those cases examined endothelial cells with a certain

number of phagocyted erythrocytes were observed in the vessels.

Subacute and Chronic Type.

(1) In those cases which showed acute symptoms at the time of

death (e.g. H. 14745), more or less similar lesions, as those described

for acute cases, were observed, except that erytlirophagocytosis was
more marked.

1(2) In those cases which passed on to recovery, the notable
feature in the liver was a reduction in the amount of the pigment,
especially of that which occurred in the capillaries between the rows
of liver cells. The cell accumulations in these situations in the liver

lobule were also much less. The cell accumulations in the septa

were more persistent, and in some of the cases (e.g. H. 14863) there

appeared to be an increase m the amount of the connective tissue

as well. In these cases the lobules in many places were almost com-
pletely set off. In the cell accumulations in the septa, the plasma
cells were also more frequent than in the acute cases.

In the kidney the lesions described for the acute cases seemed
to persist longer than noted in case of the liver.

The spleen seems to acquire more the normal character. The
malpigliian bodies were better developed, congestion was not so

marked, and in the pulpa intense pigmentation occurred.

Summary.

(1). (a) The chief microscopical lesions observed in connection

with the liver were:—Congestion, fatty degeneration, pigmentation,
erytlirophagocytosis, and cell accumulations.

(b) Distortion of the rows of liver cells, which occurs at certain

stages, is due to cell accumulations and congestion.

(c

)

During certain stages a fatty degeneration may occur, and
with the exception of this, very little impairment was observed in the

liver cells.

(d) Already in the early stage of the disease abnormal liaemo-

siderosis was evidenced in the liver, followed by desquamation and
proliferation of the “ sternzellen.’

(e) The latter becomes more evident and numerous as the disease

develops.

(/) These “
sternzellen ” with a number of cells of the

“‘lymphocyte series ” are responsible for the cell accumulations
obs rved within the liver lobule.
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(,g

)

They showed marked erythrophagocytosis, and the majority
of the sternzellen finally reached the general circulation, where they
have undoubtedly been enumerated under the monocytes.

(/;) Cell accumulations in the septa were chiefly composed of cells

of the “ lymphocyte series,” amongst which a number of plasma cells

could be identified.

(/) In Ihe subacute cases on the way to recovery, there appeared
an increase of connective tissue in the septa.

2. (a) ITriniferous tubules in places showed loss of .nuclei, slight

fatty degeneration, and pyknosis of nuclei.

(b) Cell accumulations were also observed. They were chiefly

of the “ lymphocyte series,” amongst which plasma cells could be
identified.

3. The meagre information on hand about the appearance of

the spleen in clinically healthy horses, allowed no conclusion to be
drawn as regards the peculiar distribution of the lymphoid tissue and
the pigment in the spleen of horses suffering from the disease.

4. In the acutes cases, degeneration of the myocardium was
regularly met with.

Discussion.

From the literature reviewed, it will be observed that a few
theories have been advanced to explain the nature of the lesions of

Infectious Anaemia of equines.

Seyderhelm, to a certain extent supported by Stroll, regarded the
lesions, especially those observed in the liver and the spleen, i.e. in

secondary blood-forming organs, as of the nature of a myelogenous
metaplasia. This could not be confirmed by Jaffe, Liihrs, and Mrowka,
and from the summaries contained in this paper no myelogenous
metaplasia of secondary blood-forming organs was encountered.

The disease is certainly not of the nature of a leukemia, nor
could it be grouped as a blood disease into any one of the classifications

as given by Naegeli, MacCallum (39), Aschoff (47). It is not an active

acute anaemia, as one, for example, meets with in case of many
protozoan diseases (for example, INdittalliosis). In this latter case,

there is, besides a rapid destruction of erythrocytes, a regeneration on
the part of the blood-forming organs, and many unripe cells (e.g.

normoblasts) are poured into the general circulation.

It would appear that the destruction of the erythrocytes by the
virus or its toxin is the primary factor in Infectious Anaemia. The
destruction is a gradual progressive one, and the animal body to cope
with this extra damage to the erythrocytes brings the liver into action.

That organ responds with an erythrophagocytosis. The changes in

the liver cannot be explained by a failure of that organ (for example,
as occurs in cirrhosis) to deal adequately with the iron-containing
products of normal blood destruction.

The changes in the liver in equine Infectious Anaemia essentially

affect the cells of Kuppfer. This was shown by Jaffe to be the case.

These cells are concerned with engulfing the “ surplus ” degenerated
erythrocytes (affected by the virus), and in the act becomes detached.
They accumulate and soon form clusters in the widened intralobular
capillaries, from where they gradually drift via the central vein into

the general circulation, where they form part of the monocytes of

the blood.
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This extraordinary desquamation and proliferation of the endo-
thelial cells of the liver capillaries has been referred to by several
investigators. McNee (34) in his paper states that the contents of
the Kuppfer cells, whether they remained attached to the capillary
wall or whether they circulate freely in the blood, was the same,
namely, numbers of red cells in all stages of degeneration. Aschoff
and Kiyono showed that when animals were injected with carmine,
many of the endothelial cells containing carmine become detached,
circulate in the blood, and form part of the monocytes.

The following questions arise
: (1) Why does not the spleen, which

has been advanced as the organ to deal with blood destruction, cope
with this

“ surplus ” destruction of erythrocytes? (2) In what
relation does the liver stand to the spleen in this disease? According
to Jaffe, the spleen becomes overburdened, and part of its function
is taken over by the liver. It may, however, be pointed out that, in

case of Nuttalliosis, the blood destruction is far more acute, rapid,

and exaggerated than in Infectious Anaemia, yet no such compen-
satory liver function is brought into play. Probably the explanation
may be looked for in another quarter. Due to the effects of the
disease, the function of the spleen as regards its iron metabolism
becomes impaired. It fails to cope with this surplus of blood destruc-

tion, and accordingly the liver is brought into action. That the liver

sometimes shows such compensatory function in case of partial or

total failure of splenic tissue to act, has been reported by several

investigators. Lepehne (36) reports that the extirpation of the spleens

of rats was followed by the appearance of masses of iron pigment in

Kuppfer’s sternzellen, and a strong erythrophagocytosis followed.

Schmidt (35) asserts that the extirpation of the spleens of mice leads

to foci in the liver, and these foci are due to the multiplication of

sternzellen. Kuczynski (42) contends that the deletion of splenic

tissue from the organism is compensated for in the liver by the forma-
tion of “ lymphomen ” and proliferation of the kuppferschen stern-

zellen, which as regards the phagocytosis assume the role of the splenic

i eticulo-endothelial cells.

Pigment poverty of the spleen in Infectious Anaemia of equines
was referred to by Mrowka, and in this paper a strong suspicion of a

suppressed pigmentation of the spleen of animals affected with the
disease, was expressed. At present, however, it is not known to what
extent this abnormal pigmentation constitutes a diseased condition of

the spleen, and how far it affects the splenic reticulo-endothelial cells.

Next to nothing is known of the normal histology and functions of

this tissue in equines, and what relation it bears to the reticulo-

endothelial cells of the liver. It was found that for the present no
conclusion could be drawn as regards the relation between the haemosi-
derin function of the spleen and the liver in this disease.

The question of a monocytosis may be considered more fully.

Interesting observations of Schilling (41) may be quoted, observations

which bear a close resemblance to those made in connection with
Infectious Anaemia of equines, namely, that a monocytosis as a rule

develops temporarily during the crisis of an acute infection, or during
'he course of a less virulent infection of a remittent nature. Frehse

(45) in an article refers to a certain degree of parallelism between
monocytes and neutrophiles, and states that the increase in the number
of the monocytes is as a rule associated with an absolute and relative

increase in the number of the neutrophiles; according to him, the
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possibility exists that between the monocytes and the myeloid system
there is some connection, especially as regards their origin, the same
stimulus being responsible for both types of cells. Schilling, on the

other hand, asserts that an increase in the number of monocytes may
run parallel, either with a granulocytic hyperleucocytosis (e.g.

observed in case of sepsis) or with a lymphocytosis, and a well-marked
ieucopenia (e.g. in certain protozoan diseases). According to Pappen
lieim (37), the origin of the monocytes has not yet been settled, namely,
whether they are derived (1) from the lymphoid granulocytes
(unitarians), or (2) from the myeloid-lymplioid cells (dualists), or

(3) from a third cell group (trialists). The question of an “ extra-

tnedullaren Blutbildung ” has also not yet been settled. Aschoff (46)

states that besides the “ lymphoiden und myeloischen zellreihe ” a

third type of white cell exists in the blood which has an histiogenic

ru endothelial origin; this latter lie names the “ histiozytare ” form
of white cell. Patella (38) regards the monocytes as connective tissue

endothelials, which have nothing to do, either with the lymphocytes
or the leucocytes of the blood. The following observations of Patella
are of interest:—

(1) There is not that regularity of type which one meets with
in conjunction with the lymphocytes and leucocytes, this

variation of the monocytes being due to the fact that these

cells occur in the circulation in various stages of degenera-
tion

;

(2) the greater the proliferation and desquamation of these

endothelials, the greater the degree of variation.

According to Mallory (40), monocytes arise through the prolifera-

tion and desquamation of the endothelials of the intima of vessels.

Schilling regards the large mononuclears and transitionals as originat-

ing from a third system, possibly from the reticulo-endothelials of the
spleen, the liver, the bone-marrow, and the connective tissue.

With reference to the proliferation and desquamation of the

intralobular endothelials of the liver in Infectious Anaemia of equines,

followed by a monocytosis of the blood, the conclusion seems to be
justified that many of the monocytes appearing in the blood are

nothing but desquamated Kuppf'er’s sternzellen. At present, however,
it could not definitely be decided whether all monocytes of the blood
have such an origin, or, in other words, whether one has to deal with
two types of monocytes, namely: (1) monocytes of a myelogenous
origin and (2) monocytes of an endothelial origin.

Besides the above changes, there still remains to be mentioned
the cell-infiltrations and accumulations observed in the liver and, to a

less degree, in the kidneys. As stated above, the majority of these

cells belong to the
“ lymphocytic series ” (?), amongst which plasma

cells were regularly encountered. Most probably this infiltration of
“ round cells ” is the result of an “ inflammatory stimulus ” brought
about by the proliferation and desquamation of intralobular endo-
thelials. In no instance were these “ round cells

” encountered
without the presence of desquamated sternzellen.

N.B .—It may be said here that at present the true nature of the

majority of these cells of the lymphocytosis series (?) is not understood.
Finally, it may be stated that the virus of Infectious Anaemia in

a few isolated highly susceptible animals (for example, horse 11389) is

capable of setting up a very acute form of the disease, so much so that
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death ensues without the usual symptoms of an anaemia. Some
authors have described this as the septacaemic form of the disease.

Through the courtesy of Professors Sehwendimann and Noyer, 1

Avas allowed to examine a case of Infectious Anaemia at the Tierspital,

Bern. The case was a military horse, Xo. 489, which had shown
several remissions, and from the symptoms, etc., Infectious Anaemia
was diagnosed. On 8th December, the number of erythrocytes was
below three millions, and on the 8th and 14th December, the differen-

tial counts were as follows:—
8th December. 14th December

Lymphocytes. .

.

28 14
Monocytes ... . 25 21

Xeutrophiles... 40 65
Eosinophiles. .

.

0 1

Basophiles ... 1 0

On both dates the monocytes shoAved a high degree of morpho-
logical diversity, and a great number showed erythrophagocytosis.

Conclusion.

Infectious Anaemia of equines (with the exception of the fetv

isolated very acute cases) in South Africa may he regarded as a

disease during Avhicli a gradual progressive Anaemia becomes mani-
fested, from Avhich the animal may die or make complete recovery
(except that it remains a virus carrier for a number of years).

During the Anaemia a monocytosis develops, and to a certain extent
this monocytosis seems to hoAre its origin in the intralobular capillary

endothelium of the liver, where it commences as an erythrophagocy-
tosis.

The author wishes to acknowledge Avitli gratitude the kind
guidance and advice of his chief, Sir Arnold Theiler, as well as the
help and ach’ice of his colleague, Dr. Neser, especially with regard
to the section on haematology.
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Under

this

is

included

the

figures

obtained

by

the

study

of

the

blood

of

a

number

of

horses

in

different

stages

of

the

disease,

viz.

:

—

(1)

Clinically

recovered

Hs.

(1435,

12957,

12980,

12490,

13305,

13054,

10948.

(2)

Subacute

type

Hs.

11894,

14863,

11293,

14745,

13528,

14789.

(3)

Acute

type

Hs.

13200

(killed

in

initial

stage

of

disease),

12594,

14848,

14857,

15073,

15000,

15003.

.

These

figures

together

with

the

thermal

reaction

have

been

plotted

in

the

adjoining

charts

;

both

relative

and

absolute

counts

are

given

;

of

the

most

important

symptoms.
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Plate I.

Liver section from ail acute case. Stained Haemalaumeosin.
Magnified 50 x. Shows a central vein with intralobular and
interlobular cell accumulations. One liver acinus shows

several foci.

Plate II.

Same section as Plate I, except magnified 135 x. Shows a
very much widened interlobular septa with well-marked cell

infiltrations.



Plate III.

Liver section from an acute ease. Berliner blue reaction.

Magnified 50 x. Shows a liver lobule with a central vein
and masses of Haemosiderin in streaks.

Plate IV.

Same section as Plate III. Magnification 135 x. Shows the
central vein with clusters of Sternzellen containing Haemo.

siderin.
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Tsetse in the Transvaal and surrounding

Territories: An Historical Review,
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Tsetse in the Transvaal and surrounding

Territories: An Historical Review.

I.—INTRODUCTION.

Since coming to the Transvaal, much of my leisure has been spent on
the farm “ Zilkaats Nek,”* through which runs tlie road to Brits,

as this descends the northern slopes of the Magaliesberge. Below
Mzilikatzi Nek the range is fringed with a fascinating belt of forest
composed very largely of combretum, karee, and acacia, with an
occasional dense moepel and a wide-spreading meroola. Within this

belt one finds a succession of “plant umbrellas.” Almost always in

the shade of these there shelters a termite-rampart, and very few exist

from which does not ascend, signal-like, a many-armed narboom.
These local floral conditions extend narrowly down the banks of the
Crocodile, as, hereabouts, the Oli or Limpopo is invariably called.

So it came about when I visited the fly country of Zululand last

year that, notwithstanding the absence of moepel and karee, I fell to

imagining myself back on t he slopes of the mountains of Chief Mogale,
repopulating them with their former denizeus and finding tsetse.

Then I asked myself whether fly ever did exist so far south, and this

review is the outcome of such communing.
The voortrekkers and contemporary English hunters, I had

learned, first met with tsetse on crossing the Limpopo
;

but the

inference always was that this happened at points much farther

north, beyond the junction of the Marico. As, in times now passed,
the old Republic lay straddled by a great horseshoe shaped nagana
zone, 20 to 60 miles wide, or 24,000 square miles in extent, and had,
within comparatively recent years, been entirely freed of this encum-
brance, it became more than a question of academic interest to

ascertain the whereabouts of tsetse in the days of the Great Trek and
subsequently.

In endeavouring to collect the necessary historical data, I could
not help feeling assailed with poignant regret that no scribes existed

among the pioneers of our older population, that among them there

was only Trigardt to set down where he encountered fly in his adven-
turous wanderings, and none to say where, having once observed it, in

later days they found it gone.
Great indeed would be the value of an account of the fly-belts of the

northern Transvaal by Andreas Duvenage, who, Thomas Baines ('10 )

tells us, lived in 1871 “eighteen miles to the north of Marabastnd,”
and who “ was reported to know a safe track between the various

patches of fly that overspread the country ” (p. 58), as well as
“

a safe

road through the fly between Blaauwberg and Zoutpansberg ” (pp.
80-81). Equally valuable would have been the knowledge and views

* ’‘Zilkaats” isa gross corrupt ion of “ Mzilikatzi ”
; other corruptions are :

“ Moselikatzi
’’

and “ Umselegazi.” The Sutu and Chwana corruption is “ Moselekatxe.”
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of Theunis de Klerk, who, at his farm near Nylstroom, told Baines he
“ knew where to ride his horses with safety through the fly,” and
“ thought,” as long ago as 1871,

“
that the fly was a curse that ivas

being removed from the country ” (p. 68).

For the first six decades of our history tsetse existed in the Trans-
vaal, and it is common talk that it finally disappeared immediately
after rinderpest swept over the sub-continent in 1896~7. Without
question, up to the year 1897, both malaria and nagana closed much
of the eastern low country to settlement, and fly-belts occurred from
north to south between the Drakensberge on the west and the Lebombo
on the east. The suddenness with which both tsetse and nagana
seemingly disappeared from this region synchronizing as it did with
an enormous destruction of domestic bovines, and much of the native

The Nagana Zone straddling the Transvaal in 1836.

fauna, links the two circumstances firmly together; and, for this

reason, the benign effect of rinderpest, where nagana is concerned,
goes unquestioned.

A point usually lost sight of, however, is that, before the coming
of rinderpest, tsetse had disappeared from n relatively greater area,

and there is sufficient evidence to show that a contraction along the

west and north of the Transvaal—beginning long ago—was gradually
consummated. There is, indeed, much reason to believe that tsetse

was extinct in from one-half to two-thirds of the country at one time
under its sway, well before 1890; the year usually spoken of is 1888.

One cannot assert positively that fly is entirely absent from the

Transvaal, because it so happens that many of the more recent fly-

haunts are still out of the beaten track, and no entomologist has made
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a particular search for fly in any one of them. On the other hand,
the fact remains that since rinderpest no one claims to have seen fly

nor has a case of nagana, been reported
;
further, that cattle and horses

are taken anywhere without heed of nagana.

II.—THE FIRST PERIOD: 1836-1838.

“ THE DAW N OF THE TRANSVAAL:

In so far as historical records are concerned, iur knowledge of

the existence of tsetse in South Africa begins with the year 1836 ; a

year of contrasts marking also the dawn of the history of the land
across the Vaal. To show just who was the first to furnish a record

of the presence of tsetse, in what is now Transvaal territory, involves

a deeper search into the literature of the past than I have beeo able

to make. But, perchance, the earliest account to be published was
that of David Hume. Theal tells us that Hume returned to Grahams-
town in February, 1836, and, among other things, gave an account
of the damages caused by tsetse observed in the course of a journey
along the Limpopo.* But there were certainly other experiences,
some never now to be recorded, in the fair land where Mzilikatzi held
bloody sway, and where, far to the north, the children and clan of the

notorious freebooter, Coenraad Buys, found a home.
Looking backwards, we may conjure up Trigardt’s wagons toiling

northwards, ever with the Drakensberge on their right, till, far beyond
their objective, they came to rest, as the wanderers thought in the
land of Eg\vpt and the valley of the Nile. We may picture the
meeting of the Eerste Voortrekkers with the Buysvolk as they neared
the Zoutpan. We may see Van Rensberg’s expedition of forty-nine

ill-fated souls passing beyond the Zoutpansberge to the Limpopo and
battling down the great river to awful deaths ; and who shall say
that, among the added hardships of this luckless expedition, nagana
was not one?t

So we visualize a panorama of enterprise, of endurance, of priva-

tion, of disaster, into which presently enters an officer of the Honour-
able East India Company on furlough. He is bent on a few months
of sport in the “Wilds of Africa.” Well equipped, out for and
getting a right royal time with the prototypes of the Noah’s Ark of

his childhood, multiplied beyond imagination, spread lavishlv around,
and come amazingly to life.

Several years before our history opens, so the story (1 and 2) goes,

Coenraad Buys had left his promiscuous offspring near the Zoutpan
to fend for themselves and had betaken himself to Hie region of

Sofala, to the society of kindred spirits and the raising of still another
coffee-coloured brood. Although be had forbidden his last rearing to

follow him, they decided to, and set out upon the way. But soon

* Of. “The History of South Africa” by George McCall Theal, Vol. IV, page 9(1.

I have not been able to find the original account referred to by Theal
;

but if contemporary
maps show Hume’s route at all correctly, he encountered tsetse along the Limpopo
(Crocodile section) where it flows through the District of Rustenburg.

t Fly was afterwards recorded hereabouts by Elton. The massacre took place in July,

1836. on the Limpopo, somewhere near the junction of the Olifant.s. Trigardt learned of the
calamity a year later, March, 1837.
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alter crossing the Limpjpo their progress was arrested; malaria
decimated the people and nagana laid waste the herds. vSo they
turned hack and settled where Trigardt found them, calling the land
Mara, or the place of bitterness.

Almost a year elapsed, after the passage of the Yaal, before
Trigardt set down in his diary

(2 ) any word concerning' “ the fly.”

Then the record we find (p. 48, 12tli March, 1837) is of so casual a

nature that it leaves no room for doubting the scourge was long and
well known. The entry relates to the return of Pretorius and his

party to the fold and a dispute regarding some fly-struck cattle.

Later, in his diary we find further references confirming our first

impression.

Alter being in the Zoutpansberg District for more than a year, at

about the middle of 1837, Trigardt and his company of forty-seven

souls,- of whom only nine were huntsmen, set out with their flocks and

The Defile of the Olifants River through the Drakensberge.

Tu 1837-38 tsetse won Id appear to have extended well along the pass of the river. Trigardt may
have crossed at any point farther up-stream, on that part of the river shown in this sketch, than that
indicated. In any case the wagons were first lifted and then lowered 3,000 feet in a progress of a few
miles. The peak marked X on the right of the river is Manoutsa (5, .’54 feet). Ttie peak nearest to
the left of the stream, opposite Manoutsa, is Sulemele

;
beyond it the peaks range in elevation between

5,600 and 6,000 feet. The floor of the defile lies at 1,500 to 2,000 feet above sea-ievel.

herds and ivory to trade with the Portuguese at Delagoa Bay. It was
the intention to g*o due east, but this they were dissuaded from doing
by the natives on account of the prevalence of fly on the Massouw
(Klein Letaba) River. So they trekked south, and by way of Pieters-

burg and Chunjespoort came to the Baloela * (Olifants) River on the

2nd October, 1837, at a point opposite 'Sequati, Magalis Location.

Down by the tortuous path of this river they progressed into the

recesses of the mountains, crossing the stream—in all thirteen times—
and coming at last to a cul-de-sac and a barrier of tsetse.

On the 16th, when near Gramanispoort (p. 224), came Diederyk
(one of the coloured men) with three flies, saying they are the same,
or nearly the same, as those that had stung his cattle when in the

country of the Knobnosed Kaffirs, but are slightly yellower and more
blue. There is much consultation. Louis Trigardt thinks they are

* Balule is the Zulu name of the Limpopo: Rimbelula, the Nkuna of the Olifants.
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like those that stung' iiis cattle at the Brak Iiiver (a tributary of the
Zand lliver beyond the Zoutpan), although the veld and bush there
were different. Trigardt hesitates to identify them as the same species.

Jan Pretorius says these flies, being dead (and crushed, no doubt),
cannot be recognized properly, but they appear greater of head and
somewhat darker (? Glossina brevipalpis).

Then, on the 2nd November (p. 234), after passing the thirteenth
drift, Trigardt tells how his son, Pieta, came to him in the evening
with a fly, saying he had caught it and shown it to Jan Pretorius, and
how it was the same fly that had formerly stung the cattle to death.
Pieta gave the fly to his father. It flew out of' Trigardt's hand;
“ but,” writes he, “I had seen enough, it was the same.” Fly was
again found in another poort on the 3rd.

We learn of their struggle to negotiate the mountains. In sheer
desperation men, women, and children set themselves to making a

track over the mountains; climbing upwards stage by stage in the
retreat from the fly. In sixteen days the caravan rested on the
summits, and there in the mist the fly-struck cattle began to die.

In front lay the great escarpment. First the flocks were taken
down ; then, on the 1st December, 1837, the wagons were dismantled
and brought part way down. Twenty-three days were occupied in

this arduous task. To clear the foothills more roadmaking was
involved, and it was not until the 5th February, 1838, that the trek

again started forward from a point but a few miles east of where
tsetse was found on the 2nd November (in the neighbourhood of the
junction of the Steelpoart). Hereabouts Trigardt describes the

country as open without many high trees, and the grass dry and sweet
on the riverside.

On the 14th of February the Baloela (Olifanfs) was successfully
forded.

When near the crossing-place, Trigardt consulted the chief whose
services had been obtained to help m getting the flocks and wagons
through the river (p. 307). Trigardt told how he had seen fly for

more than a week past. The chief replied that he had taken cattle

into the part indicated without losing them, but on the other side of

the Baloela no people lived with cattle. He then offered Trigardt some
of his indunas to guide the party through the fly country ahead of it.

Trigardt gives the name of the chief as Marmanelle Omsana
;
the

first part of the name is possibly one of the many corruptions of

Mashishmala. The entry, read in conjunction with Frskine’s subse-

quent experiences, goes to show that the natives were unable to keep
cattle on account of tsetse, and that fly must have been abundant in

places along the foothills of the region where the Blyde enters the

Olifants.

Many days elapsed before any further meeting with flv was
recorded

;
not until six days or five treks after crossing over the

Lebombos. On the 10th March, 1837, the kraal of Halowaan was
reached. Here the ground is described as stony, and again came Pieta

(p. 330) to report that he had seen many flies on the horses. This, says,

Trigardt, doubled our fears, as the cattle were all sick and a good
way behind the trek. (See Appendix F 13.)

There is an interesting passage in the diary here relating to the

possibility of the area having once been free from fly. Trigardt
writes of asking fhe local natives (Macquambas) whether there were
any cattle at this place in their time. They said “ yes,” and showed
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him an old cattle kraal. Other kraals were seen, which were large
and must have been long in use.

“ We were astonished,” says
Trigardt, “ that cattle could have lived here so long among the tly.”

It is likely, however, that fly had come after the cattle had been stolen
by raiders and bush had grown up. They then trekked right down
the Wiensaana to the Incomati.

Finally, about the middle of April, 1838, the expedition arrived
at Delagoa Bay wrecked by disease and disaster. There most of the
party died of malaria, including the dauntless leader.*

Returning to the year 1836, we learn that from October to into
December Captain William Cornwallis Harris (3 ) hunted in, and
later made famous, the triangle formed by the Marico and the Lim-
popo (Crocodile section). He travelled the ancient round-about route
from Grrahamstown through Bechuanaland, by the way of the mission
stations. From Kuruman he went to Copaine (lat. 25° 20' S.

;
long.

25° h0' E.), and there (October, 1836) he sought and obtained the

permission of Mzilikatzi to hunt in his dominions. Accompanied by
men of the king, Harris turned south-east, crossing the head-waters
of the two Maricos in the latitude of Zeerust. He then traversed
Zwartruggens and hunted over the sources of the Oli (Limpopo-
Crocodile). When hereabouts (not far north of Krugersdorp) he
climbed the Rand, describing it as

“ unquestionably the highest part
of Southern Africa ” (p. 227). Because the natives with him, fearing
Dinvaan, would not cross the Oli (Crocodile), he travelled down stream
and outspanned in Die Moot, no doubt in the neighbourhood of the
farm Schoemansdal. Thereabouts he shot elephants, rhinos, and
smaller game, of whose abundance we get an idea, perhaps too graphic
(<•/. 6, p. 7, Yol. II), in several parts of the chapters devoted to
“ Hunting in the Caslian Mountains. ”+ From his camp in Die Moot
he rode east among the highlands south of Pretoria (Choane), and
ultimately, on the 15th November, 1836, crossed to the north of the

Magaliesberge. This is his account of the passage over the moun-
tain :

—

“

By a perilous and barely practical path ”
(Commando Nek)

“ we were enabled to camo on the western banks of the Limpopo some
distance from below the point where it winds through the bowels of

the mountains,” (Haartebeestpoort

)

which rise on either hand in

abrupt precipices as though torn apart by some mighty convulsion of

nature ” (p. 231). Little, one may suppose, did Harris imagine the

waters of this wild ravine, in less than five score years, bridled by a

mighty dam, with never a white rhinoceros within 300 miles, and his

camp site in Die Moot submerged. From his outspan north of the

range he sketched the following word picture of the prospect before

him, into which I have interpolated the necessary modernities to make
it more readily recognizable:—

“ Here (north of the Magaliesberge

)

the country again assumes a

more level character (east to beyond De Wildt, north to Brits, west
ioivards Rustenburg), but is broken towards the eastward by detached
hills and low ridges (the Pyramids and Twartkoppies), imperceptibly
increasing in size (bo the westward)

, until they grow (in the distance)

* In this account of Trigardt’s trek and in that of Harris’ expedition which follows, it

should be borne in mind that both journeys took place in midsummer when, doubtless, tsetse

ranged faither afield than in winter.

t I have not found it possible to indicate the origin of the name “Cashan” by which
Harris describes the Magaliesberge. The native name given to Rustenburg when
Mzilikatzi moved there was “Tlhabane.” This is very suggestive.
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The. Mural Mountains abiutidin'j in Tsetse, 1330.

A sketch map of the Valiev of the f.impopo-'.rocodlle ; the most southern upland extension of
Tattse , Brits, 3,775 feet; Buffelspoort, 3,024 feet). Showing to the north the notorious Vlleg 1’ooit

aad the traditional Vlleg Poort and Vllog Kops oi lat. 25° 3.
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into a great range of mountains known as the Mural. During the
rainy season especially they are infested by a large species of gadfly,
nearly as large as a honey-bee, the bite of which, like a similar pest in

Abyssinia, proves fatal to cattle.*
“ A desire to escape the officious visits of these destructive insects,

whose persecutions relieved us of two of our oxen, soon obliged us to

abandon the willow-fringed river which threads the (Zoutpanadrift-
berg) mountains (from Crocodilepoort to Snymansdrift

)

for a consider-
able distance; and, after crossing the Lingkling (Kgetlheng or
Elands), the embouchure of which is not many miles above that of the
Umbepane (Choane or Aapies), our difficulties were not a little

increased by the broken and stony character of the country.
Tbe third day after crossing the mountains we encamped on the Mac-
hachochan River (? tlie Machotllioane

,
beyond the Pilaansberge), near

the, scene of the signal defeat of Barend Barends’ Griquas in 1831
”

(pp. 231, 232, 233).

According* to his map, with particular reference to the rougher
sketch which accompanied tlie earlier Indian edition (1837), the Mural
Mountains represented those of the Waterberg Plateau. It has been
suggested to me that Harris coined the word “ Mural ” to describe
the wall-like krantzes so characteristic of these mountains. But this

is open to question, as he does not appear to have approached them
sufficiently to observe this feature. In the region of the Waterberg
Plateau there are several farms long ago named Maroelaknop,
Maroelafontein, Maroelapoort, et al. These place names at once
suggest that Harris employed a corruption of “ meroola,” the native

name of the sweet acidulous fruit bearing Sclerocarya caffra. On the

other hand, the abundance of this tree rather excludes this possibility

and favours the acceptance of tlie explanation offered by the Rev. W.
Behrens (Appendix C), more especially as further inquiries I have
made go to show that the “ moralo ” is the kaffir orange

(
Stryclinos ), a

fruit less frequently met with in the Rustenburg region than the
meroola.

Curiously enough, since the seventies almost to recent days, it has
been the habit of' map-makers to build up a range of “ Mural Moun-
tains ” against the east bank of the Limpopo, where there is a wide
plain with but some insignificant koppies. To keep these fictitious

mountains company, as it were, on the opposite bank .lie the purely
cartographical range of “ Morati Mountains.”

Harris appears to have trekked with rather extraordinary rapidity

down the valley of the Crocodile after crossing the Cashan (Magalies)
Mountains, and it is not quite easy to say at what point lie abandoned
“ the willow-fringed river.” Although stretches are willow fringed

fo-dav, I understand that in the great flood of 1893 the floral character
of the banks was considerably modified. They were much denuded of

trees, and have since remained so. From the context of his account
and the topography of the district it would appear that he veered to

the west before reaching Brits, the Crocodile Poort region of the

Zwartkoppies. His observations strongly indicate an extension of

tsetse far up the Crocodile from the fly haunts of 1870 at the junction

of the Aapies. As he trekked at a time of many heavy thunderstorms

* The gadfly of Abyssin'a to which Harris refers, had been brought under notice in 1813

by James Bruce, who said of it that the natives of the sea-coast of Melinda were obliged to

change their habitations at the beginning of the rainy season to prevent all their cattle from

being destroyed. Tsetse flies and nagana have since been reported from Abyssinia.
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(c/. p. 217), and was north of the Elands River in three days, the
early death of the oxen rather indicates that they were struck at
Harte.beestpoort, near the camp on the south side of the Magalies-
berge.

Although Harris trekked into the angle formed by the Marico
and Limpopo (Crocodile section), and from there rode on horseback to
the south bank of the Matlabase (his Clabatze or Balapatse), and then
returned through the District of Rustenburg, he makes no further
allusion to fly. However, he was never again close to the Limpopo,
as lie tells how he was hustled from pillar to post among the Zwart-
koppies by the natives.

First Period : Remarks.
There are several features of interest revealed in this story of the

first period. Trigardt’s diary discloses an extension of fly through
the rift in the Drakensberg, and Harris’ experience shows a much
more southern extension of fly on the west along the Limpopo-
Crocodile than there was any good reason to surmise, although these
may have been summer extensions only. It is also fairly plain that
all the way from the Pilaansberg to Marico mouth, and from there
down to the junction of the Matlabase, away from the Crocodile, fly

did not occur. As Harris had some good reason for associating fly

with the mountainous parts, especially the hilly district through
which the Limpopo-Crocodile flows to the east of the Pilaansberg, it

is abundantly clear that the natives knew the fly, its habits, and the
ill-effects of its bites on domestic animals.

III.—THE SECOND PERIOD : 1846 TO 1849.

“THE DAYS OF THE FIRST ELEPHANT HUNTERS.

Fascinating as it always is to follow the movements of our early
sportsmen and explorers, it would be difficult to find a recital of

events that holds one’s attention more than the thrilling story Gordon
Gumming gave to the world in 1850 (4) on his return from five years
of hunting in

“ The Far Interior of South Africa.” By checking-
each date and incident in his diary, one finds that Cumming made
four different expeditions, starting either from Grahamstown or Coles-

berg as his base. His first hunting was done between Grahamstown
and Colesberg, and occupied the period October to November, 1843.
From December, 1843, to March, 1844, he hunted along the Orange,
Vaal, and Riet Rivers. The period April, 1844, to January, 1845, was
devoted to an expedition as far as the Bamangwato Mountains (Sho-
shong and Mahalapsi), in Bechuanaland. The next period, March,
1845, to January, 1846, was spent in going over the same ground as

in the previous period. In his last two expeditions, Cumming visited

the Limpopo. The first period was March, 1846, to February, 1847 ;

the seepnd, March, 1848, to April, 1849. In both expeditions the
same route was followed. In the second he did not go quite so far

down the river, halting just short of the Lotsani. In neither did
Cumming get so far as the Nylstroom (Magalakwin), and yet the map
accompanying his book leads one to bebeve that he did cross the Nyl
stroom into the Zoutpansberg District.
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Although Gumming had been twice to the Bamangweto (Sho-
shong) Mountains, 30 to 40 miles to the west of the Limpopo, he had
neither seen nor heard of tsetse, showing that, at this latitude, there
was no serious penetration of the scourge into Bechuanaland.

For the purposes of this review it will be sufficient to sketch
briefly the route of the first expedition, giving only a prosaic outline
of his account of a world of adventure more picturesque than that of

Harris, and, because recorded in detail, more valuable than that of

the reticent, good-natured Oswell.
Travelling from Grahamstown (lltli March) by way of Living-

stone’s headquarters (Chouaney, Chouay, or Chooi of those days,
Chwaing of these), Gumming reached the Notwen i (his Ngotvveni ) and
travelled down its w-est bank to the Limpopo. This was crossed (17th
June, 1846) just above the junction of the Matlabase. The bank of

the Limpopo was then closely followed and the Pongola (Macloowey)
and Palala forded. For about a week (1st to 5th July) he hunted
with Selika’s village (farm Beauty No. 2228) as his headquarters.
After this he went down to the Limpopo and outspanned. Then he
hunted on horseback to Selika Kop (his Gaupa or Lingaupa Moun-
tains), in Bechuanaland, for six days. On the 29th July he crossed

the Limpopo with his wagons at the drift just above Palala mouth,
and then trekked steadily down the main stream, crossing the Lotsani
on the 8th August, the Sukim on the 10th, and the Makweze (Mokojay)
on the 16th. Two days later he halted somewhere in the neighbour-
hood of Zwanepoel’s Drift (lat. 22° 35' S.

;
long. 28° 32' E.). From

this point he turned back (21st August, 1846) and established a camp
near a Bakalahari village below the Lotsani.* Across the river from
here Gumming did most of his hunting, especially at Palmietpan t
and ITpapa Pan, and it was during the first night of the six weeks
spent there that his servant, Hendrick, was carried off by a lion.

Later (8th October) he broke camp and went to Selika’s Kop (Lin-

gaupa), where he again outspanned (17th October) and established

the camp “ My Forest Home ” in the “Mountains of the Sable Ante-
lope.” Selika’s Kop was left on the 15th November, and the home-
ward trek soon developed into a nagana disaster, from which the

hunter was only saved by timely help from Livingstone.
When Cumming came to the latitude of Zwanepoel’s Drift his

natives wished to go no farther and warned him of the fly. “ They
told me I should lose all my cattle by the fly called Tsetse

”

(Chapter 27). As, apart from Cape natives, those with Cumming
were Selika, from the Palala, there is little doubt as to the tribe from
which the word “ tsetse ” was absorbed into the, English language.
From the manner in which both Cumming and Yardon employ the

word, one at once arrives at the conclusion that it had a special

significance among the natives from whom it was acquired. The
natives with Cumming were men of Selika, and at least from that day
to this these particular natives have used it in a specific sense to

describe Glossina morsitans. Among them an ordinai’y fly is called
“ mtsi ” (pi. lintsi), whereas the tsetse was a fly whose bite destroyed

their cattle.

* On the Bechuanaland bank of the Limpopo, opposite farm Wagonmaker’s Vlei

No. 1044 (sub-division Essexdale No. 1052) ;
lat. 22° 40' S.

;
long. 28° 10' E.

t Falnr'etpan, lat. 22° 43' S., long. 28° 18' E., is on farm Jakalsfontein No. 736. called

“Sebooma” by Cumming. Upapa Pan, lat. 22° 47' S., long. 28° 18' E., is on farm Biesjes-

fontein No. 1089. It is referred to as “ Paapaa ” and “ Pepe ” by Cumming in his text and
“ Pipefountain ” on his map.
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It was in tile northern part of the Waterberg District Cuinming
first experienced the dire results of tsetse bite. He refers (Chapter 27)
to the incident in the following words:—“When under the moun-
tains I met with the famous fly called ‘ Tsetse/ and the next day
(17th August, 1846) one of my stud died of tsetse. He had been
bitten under the mountain range lying to the south of this fountain.”
The context relates to hills south of Upapa Pan, probably Witkop on
farm Biesjesfontein No. 1089, or to the Silokwano Hills, with special
reference to the kop called “ Boschrand ” or “ Impogwi ” on farm
Koornhuis No. 1118. In this connection it may be noted that
Cumming’s map shows “ Pipefountain ” as adjacent to “ Impogwe
Mountains.”

In his second expedition, Cumming first fell in with tsetse (June,
1848) at Selika’s village (Matshu Hill or Die Witten Koppies), farm
Beauty, where neither he nor the Oswell-Vardon party seemingly
encountered it two years before (1846). Regarding this eve.nt, he
writes in Chapter 31 :

—“ We formed t lie wagons at my old camp,
but, observing tsetse on the horses, I at once resolved to leave Selika’s
on the morrow.” That his animals were bitten is obvious, as he
says :— On the 25th of July, at sunrise, we inspanned and held down
the river, leaving three more of my stud behind me, two dead, and the
other dying of tsetse.”

The disaster that overtook Cumming on his homeward route in

1846 strongly indicates the existence of fly at Selika’s Kop in Bechu-
analand, but in view of his previous visit there one is led to suspect
that his oxen were struck when in the neighbourhood of the Lotsani,
and only fell to the disease after the rainy season set in. Soon after
leaving Selika’s Kop (15th November) he enters the, following remarks
(Chapter 30) in his diary:—“ The rains still poured down, rendering
the country impossible to travel, and my oxen died daily of the tsetse

bite. ... At length I came fairly to a stand . . . and in a

few days all my oxen died. I left the sable antelof)es’ mountains
mainly in consequence of a general falling off amongst my cattle. I

did not then know to what cause to attribute this sad, and to me
important, change in their condition. Alas, it was now too evident
that nearly all of them were dying*, having been bitten by the fly
‘

tsetse ’ at the mountain. The rains of the last three days have made
this melancholy truth more strongly manifest ”

(cf . Appendix F, 8).

Contemporaneous with Cumming’s experiences of 1846 comes the

less serious, but in other respects more important, encounter with the
fly Ay Oswell and Vardon, since it was a specimen the latter took to

England which became the type of Glossina morsitans Westwood.
When Oswell was near the Marico, about the middle of May,

1846, Vardon was hunting “ on the Limpopo, three days’ march up-

stream from the junction of the Marique.” Oswell (6) writes:—
“ Hearing’ I was within a short distance, Vardon proposed to join

parties and shoot together.” There is evidence to show that no great

advance down stream was made at this time by Oswell and Vardon.
The former says :

—“ Two marches (about 20 miles
) from the junction

of the Marique we found elephants in such large herds that we halted
for a week or ten days ” (p. 96), i.e. below the Matlabase.

Meanwhile, unknown to Oswell; Cumming had pushed ahead of
him down the Limpopo, ultimately reaching a farther point than
either Oswell or Vardon ever visited. One can make a shrewd guess
that Cumming did this deliberately, and later wittingly misled
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Livingstone as to where lie had been and as to where he had located
a harvest of ivory. At any rate Livingstone, writing to Oswell, in

India, in 1847 (6), says:—“ Cumin ing has shot few elephants this

year. He had a bad attack of illness beyond the Bamangwato which
prevented him from much execution. He intends to follow your
‘spoor’ henceforth” (p. 149). Cumming was no doubt hiding his

preserve against his next exploit of 1847-8
;
we know he had a bad

attack of malaria at Zwanepoel's Drift.
It is very certain that Oswell and Vardon made no farther

northing than just beyond the junction of the Palala. The former’s
own statement (6) reads:

—“We pushed down the Limpopo, beyond
the Siloquana ridge, four or five marches, then crossing the river near
a high rocky hill returned to the Marique ” (p. 115). The route map
shows that they crossed the river opposite “ Lingwapa ” (Selika’s

Ivop), and in the vicinity of the “ Motleeneraal of Basilica ” (Selika’s

village on farm Beauty). This would, on the basis of “ four or five

marches,” bring the so-called Siloquana Ridge forty to fifty miles
short of Selika’s village. We may, therefore, safely conclude that the
hills on Oswell’s map, described as the “ Siloquana Hills infested by
Flies Destructive to Cattle,” are in the angle formed by the Pongola
(the Makolwe of Oswell, the Macoolwey of Gumming) with the Lim-
popo. Hence a nameless bosrand * close against these rivers, about
lat. 23° 15' E., is the type locality of Glossina morsitans Westwood.

Oswell (5) says:— “On the low Siloquana Hills near this (i.e.

the Limpopo, of. p. 110) we made our acquaintance with the tsetse fly,

which we were the first to bring to notice, Vardon taking or sending
to England some he caught on his favourite horse ” (p. 113). Else-

where (6) he adds:—“The fly infests particular spots and never
shifts” (p. 137, I).

Concerning the type, Austen (7 ) writes:
—“ The .specimen bears

the following label in Westwood’s handwriting: ‘ Glossina morsitans
Westwood (Setse) fm. Lake Tchad, Central Africa, Captn. Frank
Vardon.’ But this locality must be wrong. So far as I can discover.

Major Vardon never visited Lake Tchad, and the specimen is almost
certainly from the Siloquana Hills, which are in the north of the

Transvaal, in the angle formed by the Nylstroom River with the

Limpopo ” (p. 83). Austen refers the taking of the specimen to the

year 1845, and adds:-
—“In a letter to Westwood, dated Mav. 1850

(published by Westwood, Proc. Zool. Soc., 1850, p. 260), Vardon
speaks of the fly of 'South Africa so destructive to cattle ” (p. 84).

The Silokwano Hills of the official maps of the Transvaal are

where Austen places them (lat. 22° 50 ;
). Oswell was, however, con-

siderably out in his reckoning, and this was brought to his notice by
Livingstone. In the letter already quoted from, Livingstone is at

great pains to have his benefactor alter his map,f and says (6), inter

* Possibly one of the three hills upon farms Hermansdal No. 636, Bouwlast No. 1431,

Bellvue No. 1425, and Wolmunster No. 635, one of which is called Witkop. "Pongola” is

purely a map-name for this river; known also as the Zandrivicr, the local natives call

it the Mokolo
;
hence the names given by Cumming and Oswell.

f The map (6 opp. p. 150, I) here referred to is described as a “ Map of the Routes of

Mr. Oswell and Lieut. Vardon in South Africa in 1845 and 1846 ” and was first published in

the “ Madras Journal of Literature and Science,” 1847. It gives an entirely wrong impres-

sion of the latitude and longitude of the places visited by Oswell. The hunters made a little

more northing than Livingstone thought, and were not nearly so far east as they surmised.

By correcting the farthest point they reached to the neighbourhood of lat. 23° S., long. 28° E. r

it is possible to show, as 1 have attempted to in the copy of the map herewith, the correct

course of the Limpopo north and east thereof.
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alia :

—
“ I have felt exceedingly anxious to inform you of this, lest

you should give your name to any map-maker with the mistake you
seem to have made, and therefore begin the subject at once.
If the Basilika are not more than sixty miles N.W. of the Bampela
you have not made more northing than that from the latitude of
Chonuaney 24° 30 7 ” (p. 148.) Oswell never attempted to correct this
error, and it is for this reason that there are two Lingaupa mountains
on old maps of the Transvaal.

• Info this period falls part of the information given by Mnr.
H. J. Grobler in Appendix A, and so does not call for repetition here.

It was, however, at about the beginning of the period that the
“ Celebrated Commando Path ” is reputed to have been made. This
path, mentioned by Thomas Baines and described somewhat in detail
by Selous to the Sleeping Sickness Commission (1913), is spoken of as
a great prophylactic undertaking accomplished by a flying column of

Yoorste Yoortrekkers hastening far off to overthrow Mzilikatzi in his

refuge among the Motoppos. It is greatly to be feared that so remark-
able a feat existed only in the imaginations of some too communicative
descendants of the pioneers. Selous’ statement is worth repeating.
It reads: “ When the Boers followed Umziligazi from the Transvaal
in 1840 and crossed the Limpopo, they chopped their army road. L
was a quarter of a mile broad, and they trekked with their oxen
through that cleared space and did not lose their cattle by the fly. I

only heard about it from the Boers, and that was a long time ago, so

I cannot say exactly the width.”

Second Period : Remarks.

An examination of Oswell’s meagre accounts and of the more
graphic story Cumming supplied, coupled with the absence of any
direct statement to the contrary by Livingstone, show very clearly

that in Bechuanaland, along the main route to Bamangwato and on
the hills there, tsetse was not met with. In other words, it did not
penetrate the country to where the railway from Mafeking to Lotsani
passes to-day. There is indeed no evidence of any penetration west
of the Limpopo until the latitude of the Maeloutsi River is reached,

except for what Cumming tells of Selika Kop (Linguapa, or more
properly Nwapa), ten miles west of the Limpopo. Even here there

is an element of doubt, as his oxen may have been struck much farther

north and only exhibited symptoms of nagana after the onset of the

rainy season. Oswell did not find fly along the Mahalapsi, and he
and Vardon evidently did not meet with it along the Limpopo until

they reached the Pongola.

Each instance in which these travellers met with tsetse it occurred
on or in Ihe close neighbourhood of wooded hills or bosrande, and this

probably reflects a distinct association of the fly with a certain floral

environment dependent on soil conditions.

It is very plain also that, though often not far off, the tsetse did

not iufest the forest avenue of the Limpopo. Both Cumming and
Oswell made their treks close to the river, shooting many hippo.,* but
nowhere mention meeting flv when doing so.

* The reason why the hippo, were shot out is to be sought in the higher price per pound
paid for their tusks in those days, hippo, ivory being preferred to that of the elephant for

making artificial teeth.
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One may also gather from the writings under review that certain

wild animals which were particularly abundant in those days in the

fly country have since disappeared. These were giraffe, elephant,
rhinoceros, buffalo, and hippopotamus. Of other animals, antelopes,

wildeheeste, and zebra, the hunters say but little, but these animals
were nevertheless there, and are still there, although probably now in

relatively small numbers.

IV.—THE THIRD PERIOD : 1868 1873.

THE LURE OF GOLD.

Before the w-ealth of the Rand was suspected, the gold-seeker had
been lured both to the Transvaal and Monomotapa (Rhodesia) ;

and
hence, at the time now under notice, such places as Mac-Mac, Pilgrims
Rest, and Marahastad were on the road to fame. It is only natural
that men should come from afar to explore the possibilities of the

land, and there were few corners of the Transvaal that were not poked
into and fossicked over for traces of the yellow metal.

In May of 1868, W. St. Vincent Erskine, son of Major Erskine,

a former Colonial Secretary for Natal, left Pietermaritzburg in order
to join Kail Mauch and devote his leave to accompanying Mauch a

part of the way upon the latter’s expedition to Matabeleland.

At Lydenburg the two friends parted company, and Erskine went
on alone. He passed through the deserted village of Olirigstad to

Schoeman’s farm, and then on to Trigardt’s farm. From here lie

scaled the Drakensberge, descending the Blyde Canyon by way of the

Giant’s Staircase. He calls the Blyde the Fmchlasi, and a few hours’

walk from the river brought him to a kraal and waterhole which he calls
“ Imperani.” There is much reason to suppose this was the kraal of

Moletele, chief of the Lepulane, who lived in those days close below'

Marieps Mountain. At any rate it was here that Erskine first saw-

tsetse in the middle of July
(
9 ).

“ The Caffres,” he says: “ have a

few miserable cur dogs, which are not affected by the fly: these

resemble jackals, and are generally a light brown colour; their coat

is rather long and hairy.” He describes the Klasarie (TJmtasiti or
Umtasera) as the only running stream met with after crossing the
Blyde, and adds:

—“The bush here is not large, principally mimosa
of different kinds. You cannot hunt on horseback on account of the
fly.” This remark seems to apply to the belts marked east of the

Klasarie on Mr. Travers’ map.

From Imperani, Erskine w-alked more or less due east, crossing the
Umtasiti (Klasarie),

“
a fine stream as clear as crystal,” then through

the dry bed of the Sorgobite, and on to the Imbabati. From here he
proceeded to Imbomduna’s kraal on the Bombo Hills, and thence to

that of Macigamana at the junction of the Olifants (Lipalule) and
Limpopo. Then he started down the Limpopo (Bembe or Meti) to

discover its mouth, a sorry enough spectacle to recompense him for all

the troubles he experienced in attaining his object. He was helped
by Macigamana and foiled by Manjoba, and spent much time going
backwards and forwards along the Limpopo before he succeeded in

overcoming the difficulties placed in his way, and reached the sea.
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About thirty miles south of the junction of the Ulifants, at the kraal
of Matonse, he saw the first herd of cattle since leaving Lydenberg.
About half-way between the kraals of Uhamba and Manjoba he passed
“ signs of old kraals like fairy rings, formerly the residence of the
late chief Shosongaan, father of Manicose.”

From Manjobo’s kraal, Erskine walked 140 miles west by south
to join the Du Bois party, and then accompanied them back to Natal.
They crossed the Lebombos at Sabi Poort, and proceeded south to
Swaziland, keeping close to the hills. The party was spent with fever
and left one of its members, Woods, buried at Sabi Poort. They
reached their wagons south of the Umbelusi after “ dragging our
diseased bodies from the Bembe ” in about thirty-seven days. They
then went inland to the neighbourhood of Utrecht.

An old-lime Fly Haunt.

Trigardt s Route as shown accords with Unr. Preller’s interpretation. It is not unlikely that the
trek crossed the Oli fonts River to the west of the confluence of the Blyde River.

Erskine tells no more of tsetse than this: “The country within
thirty miles of the Bombo Hills is flat and bushy, abounds in tsetse

fiy and game ... on the eastern side of the range it is extremely
unhealthy . . . there also tsetse fiy abounds.” The latter part

of this remark relates to the country through which run the courses

of the TTanetzi and Massintonto from the hills to the Incomati

,

insignificant as streams, since Erskine does not even comment upon
them although his track crossed both.

Erskine was largely content to tell only where he first encountered
tsetse. Thus, in his subsequent expedition io Gazaland (1871), he tells

how he first met it at Simini, in dense, heavy forest between the

kraals of Siduda and Umvuna. This fly-belt was probably about
thirty miles north north-east of Chibuta, and about twenty miles from
the sea (approx, lat. 24° 20'; long. 30° 50').
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Maucli, with his pack-ox and dog, seems to have wended his wa\
down the west bank of the Blyde and crossed the Olifants at the con-
fluence of the two rivers. He then followed the latter stream east-

wards to its junction with the Silati. At this point lie turned north,
and appears to have been in the Palabora country and near Kitchiner’s
Ivop on the 20th July, when he wrote ( 8 )

:
—“ For two days past we

have been in the fly (tsetse) country.” This brief notice has its

interest, since Mauch probably passed the point where Trigardt
crossed in February, 1838. The difference in the time of year may
explain why he did not come sooner in contact with tsetse.

At about this time (1870), P. Hope went down through Swaziland
to llelagoa Bay, and gave a brief account of his journey in The
Journal of the Royal Geographical Society (Vol. 44, 1874). The
route he followed ran due east from Bremersdorp, a little south of the,

present Tembo road, and crossed the Lebombos in the neighbourhood
of Buchanan, passing Josan’s (or J apane’s) kraals on the west of the
hills. On the Portuguese side it went across the Little Lebombos in

a north-easterly direction to Bomboi (opposite Boane). Speaking of

Mafootane’s kraal (about twenty-eight miles west of the Lebombo),
he said :

“ 1 should advise that, for the present, oxen should be left

here and not taken to Josan’s kraal, although I saw no fly either going
to or coming from Josan’s.” Of Josan’s kraal he wrote: ' £ At about
one and a half mile there is a break in the Lebombo . . . many
years since five wagons were taken up here by Dutchmen

;
three spans

out of five died of fly.” From his remarks one, gathers that Hope
regarded all the country east of the hills as infested. (Cf

.

Appendix
F 12.)

It is from Thomas Baines’ “ Gold Regions of 8.E. Africa ”
( 10 )

that we get the best view of the extent of tsetse in the Transvaal at

this period. Baines knew Southern Africa well by this time, having
arived in the Cape in 1842. The year 1871 found him on his way
back from Matabeleland with Lo Bengula’s grant in his pocket. He
had travelled north from Magaliesberg under the guidance of Henry
Hartley by way of Rustenburg, Saulspoort, and the lowest drift across

the Marico
; thence along “the forest clad banks of the Limpopo”

(p. 18) to the Neman i (Notweni) and “ across a broad dry flat ” to

Shoshong, “ by Hartley’s Road, via Ba-Mangweto, and Tati, clear of

tsetse ” (p. 170)'. So far as the last part of the Transvaal section of

this is concerned (Saulspoort to the Majfieo Drift) it may be described

as that of Harris, 1836. The rest of the route to Shoshong was much
the same as that of Cumming and Oswell (1845). The homeward
route was taken to please Lo Bengula. Speaking of this, Baines
says :

—

“

He told me that a more direct road existed to the southward,
through the tsetse fly, but, that some, of his father’s (Mzil ikatzi’s)

people knew of passages bv which the danger might be avoided, and
to his great gratification I consented to open the road by going that

way” (p. 48).

After crossing the Macloutsi, between it and the Pakwi, a tsetse

belt was entered (pp. 56, 57, 58, 59, 61) and fly found. Here they
“ were in hopes of finding the ‘ commando path ’ of the Emigrant
Boers, where in old times they had cleared away the bush, 100 yards
on each side of the road, but we found reason to believe that this was
still to the east of us, and we knew no safe way of reaching it

”

(p. 58).
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On the 28th October, 1871, the expedition arrived on the north-
west bank of the Limpopo, having crossed the Lotsani, “ a narrow
branch of the Limpopo ” (p. 62), and trekked four or five miles up-
stream so as to

“
avoid a patch of fly that holds the bank opposite

”

(p. 63).

The crossing* was made at Hellenspont (lat. 22° 43' S. ;
long.

28° 17' E.), and as soon as the party outspanned on the eastern bank
(30th October) fly was met with (p. 63). Baines was now 20 miles up-
stream from Cumming’s 1846 “ Bakalahari Village ” camp, and
directly opposite the official Silokwano Hills, which stretch in a south-
easterly direction from the Limpopo for 15 miles, over about a dozen
farms. The finding of fly induced the party to move off, and they
trekked to Peerie’s Village against the Impopo Mini llapids. These
place-names are extant to-day, and Peerie’s Village is, I am told, still

on Worcester No. 1035. Here a stay of a couple of days was made,
and alfhoug'h fly was looked for, it was not found. “

Biles, Jewel,
and Carl went to a pool to watch for tsetse, but did not find any ”

(p. 64). Leaving Peerie’s Village, two treks along the banks of the
river brought them “

nearly abreast of the Tsagool Hills (the Silika

or Siloquam of the maps) on the opposite side of the forest-fringed
river.” t

Hereabouts Baines made a short-cut across the sharp bend of the

river (Ely Kop of old maps), embracing farm Eersteling No. 857 on
the west. That his Masara guides knew they were about to enter a

fly-belt is illustrated by the following remark:—“ I feared we were
pushing on too early. ... At 7 p.m. it was quite dark, and we
thought it safe to span out until the moon rose. ... At 12.10
a.m. we moved on again. ... At 1 a.m. we passed a granite hill

covered with bush and infested by the dreaded fly ” (p. 65).

The next day’s trek brought the party to where the track turned
away from the river, and here their guides left them. They then
trekked south-east through the night to avoid fly. 7 In the morning
(3rd November) they found themselves near Madala Pan, which is on
the boundary line of Kameelf'ontein No. 625 and Hanover No. 1287.
Here they learned from the local natives that “ the pan in front was
called Madlala (letshe la Madala), § and a day’s journey beyond it,

was ‘ Schimmel Paard Pan ’
;

there was fly between them, but no
water, and there is also fly beyond Schimmel Paard Pan ” (p. 65).

As Baines trekked by day as far as Bugelpan, this part of the road
through the farms Hanover and Berne No. 1286 must have been
considered free. Baines does not specifically allude to Bugelpan, but
it is plain that from this point the pace was forced through Genoa
No. 1290, Cornwall No. 1297, Bordeaux No. 1281, Victoria West
No. 838, and Marnitzkraal No. 839, trekking through a night “ dark
and cloudy, but affording us additional security against the insect

* This crossing-place is correctly indicated on Jeppe’s map of the Transvaal, 1899
against farm Clanwilliam No. 1036. ‘‘Baines Drift” of all other maps, including

Bartholomew’s latest edition, is incorrectly placed some 30 to 40 miles to the north-east.

t This remark has no bearing on tsetse, but it is apt to lead to] confusion as regards

place-names. The hills referred to are those shown on official maps as “ Mabilibili Kopjes.”

They have no relation to either the Selika Kop, which is 10 miles from the river, or to the

Silokwano hills of Oswell or the maps.

1 Showing they knew of it or feared it on the farms Grootwater No. 1840, Welvaart
No. 1194, Klipfontein No. 1621, and Van Wykfontein No. 1195.

§ Not to be confused with Matala (Madlala) Silimo Pan of the official maps
;

la«t. 22° 47' S.,

long. 28° 30' E.
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pest ” (p. GO). However, they still regarded themselves as in

dangerous country, since Baines says:
—“By early dawn we were

again fleeing for the lives of our cattle and . . . outspanned just
short of Schimmel Paard Pan ” (p. 66).*

As a halt was made for twenty-four hours, it is possible that,
adjacent to the pan, fly was not present

;
this may also be inferred

from Baines’ account of how this pan got its name (cf. p. 66). Apart
from warning him of the fly-belt on the road beyond Schimmel Paard
Pan, the natives had also told him that when he came to the “ Mag-
haliquain ” he should not cross, as there was fly between it and the
“ Madzalan,” the Madala of the maps.

Accordingly we find the expedition preparing for a night trek to
the, Ny 1stroom :

—“ On November 5th we inspanned about half-past
five so as to get into a definite road before dark, and about seven we
descended into a sandy tract haunted by tsetse. We made about
seven miles and halted, the night being dark and cloudy and rain
coming on towards morning. At dawn on Monday we trekked again,
a steady shower protecting us as we laboured on through the infested

district, and in 10 miles 3 furlongs we reached the west bank of the
Maglialiquain ” (p. 66).

t

It would appear that Steilloop No. 663 was not infested. To-day
the undisturbed conditions at this well-known drift show short scrub
on the west bank and bosrande reaching’ down to the east bank. For
four days a rest was made on the west bank, but not with impunity.
“ Our cattle,” writes Baines, “ would not eat the poor and scanty
grass, but crossed the river to the better pasturage they saw on the
other side, but unfortunately fly was there and we had to drive them
back again ” (pp. 66~67). This indicates flv on the farm Magalakwin
No. 1671. Baines then g*oes on to say:

—“After sunset on the 9th
November we crossed the river and trekked up its eastern bank for

some distance, and passing through the last patch of fly outspanned
on a plain nine and a quarter miles from our last camp. . . . We
had now cleared the infested parts between the Blauw Berg and Hang-
Klip Mountains ...” (p. 67).+

So much for Baines’ personal experiences. Quite apart from
them, however, we owe to him records of' a number of contemporaries

;

experiences which otherwise might not have entered into the history

of tsetse in the Transvaal. If we examine the map published with
his book (10), the following legend will be found written over the

course of the Limpopo where it turns south-east on entering Portu-
guese territory:

—“ Tsetse Fly. Abundance of Game cn the River.”
Many friends helped Baines, he tells us, in the preparation of his

map. Among them was Captain J. E. Elton, who, sometime before

1871, went down the Limpopo from Tati to Delagoa Bay. This, then,
is one of Elton’s observations. In Elton’s account of his journey
down the Limpopo (

Proc . Roy. Geog. Soc., Vol. 16, 1872), he lolls of

meeting fly only just below the junction of the Nuanetsi. Here lie

* The farms falling into this part of the route are : Karnemelksfontein No. 672
Klippoort No. 577, Eyesseimonde No. 579, Kalkfoptein No 797, S’Gravenhage No. 682
Bloemendal No. 1269, Sydney No. 1276, and Mazila No. 1277.

f These two treks imply the presence of Hy on the following farms :—Baltimore
No. 1310, Cosmopolite or Sleglitvoorby No. 471, Groenfontein No. 432, Roodebokspruit
No. 363, Rexford No. 684, Rooikop No. 858, Elim No. 850, and Steilwater No. 710.

f Baines is very insistent on the name of the mountains being “Hang Klip” not
“ Hanglip,” as in modem parlance. On old maps Baines’ crossing-place is marked “ Great
Vlieg Poort.”
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passed tuiough two belts about a day’s march apart (approx, lat.

22° 40'; long. 31° 50'}.

In describing the route between Pilgrims Rest and Delagoa Bay,
Baines says:

—“ Great caution should be exercised in using this road.

I believe the only safe months are June, July, and August, and
perhaps the first half of September; in the latter part of September,
aud to May inclusive, travellers are liable to fever. . . . The
tsetse abounds in this low country nearly to Pretoiiuskop. Mr.
MacDonald’s expedition lost, I think, 114 oxen, and Mr. Arrowsmitk
reports a loss of fourteen ” (pp. 182, 183). He tells also that fly and
fever were prevalent south-east of Preforms Kop.*

In describing the route from Pretoria over the higdi veld past
Lake Chrissie and down through Swaziland to Delagoa Bay, Baines
points out that after passing the Lebomho Range tsetse was met with.

He says:
—“On crossing the Lebombo into Portuguese territory,

however, fly was met with.” Again he writes:—“A considerable
portion of this strip (to Delagoa Bay, 30 miles) is infested by tsetse

”

(p. 100). And further:
—“The road passing through the Lebombo

by a tolerably level poort or valley south of the Umbolosi
immediately after passing (the Lebombo) the tsetse fly . . . awaits

the traveller ” (p. 108).

It is worthy of remark that this route, given to Baines by William
Leathern, should show an absence of fly on the west side of the

Lebombo, a little south of the Umbelusi. Just to the north oi the

Umbelusi the floral conditions and other surroundings are essentially

typical of fly-country, and it is most difficult to imagine any reason

why tsetse did not extend the whole length of the Lebombo flais.

These flats are continuous with the fly-country of the Incomati, and
reach south through Swaziland to Zululand without, as far as 1 have
been able to ascertain, any observable physical or floral barrier. It is

difficult to imagine any thermal factor, as certain termites (Ancistro-

ter7n.es), which inhabit the Limpopo Valley, have a southerly exten-

sion to northern Zululand through the country east and west of the

Lebombo Rang-e.

In the winter of 18T3, during June and July, Dr. E. Cohen (11a)

travelled from Lydenburg to Delagoa Bay over Crompton’s route, via

Pretorius Kop, Nellmapius and Turley’s Drift. The account he

gives is full of detail. Naturally, it is a geological and topographical

record, but contains numerous references to both the floral and faunal

characteristics. Its most interesting feature, from our present view-

point. is the mapping of the wmstern and eastern limits of tsetse

according to native testimony, and so far as the route followed is

concerned.

The western limit is charted at Pretorius Ivop (Taba Neu;. Cohen
says that whilst he puts the boundary here, he himself did not see any
fly until he was twelve to thirteen miles farther south-east. He

* This information was probably given to Baines by D. R. Wilson, Dr. Graham, and

Mr. Crompton (cf. p. 182). The route in question passed through Pretorius Kop No. 102.

Jouberts Hoop No. 108. to Neltmapius Drift on the Eastern Crocodile, thence through

Lodwichslust No. 107, to Furley’s drift, through the Incomati, the railway line intersecting

it just west of Oorsprong Station. Then it passed through Cooperdal and Castilhopolis and

over the Lebombo range a little south of lat. 25° 0/ 30" S. C. Warren, in describing tbe route

“From the Gold Fields in the Transvaal to Delagoa Bay” (VI. Roy. Geog. Soe. Journal ,
Vol.

48, 1878), gives no clues to the exact whereabouts of tsetse. He tells, however, of the

road-making iand the clearing away of trees done by Monsieur Nellmapms.
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places the eastern limit at thirteen miles or so east of the Lebomho,
and some thirty miles north-west of Lourenco Marques, and states

that he did not find fly actually east of rocky parts, where the game-
paths ceased. He remarks, however, on the fact that the natives kept
no domestic stock farther east, and one concludes that his informants
gave him summer rather than winter boundaries. Cohen also speaks
of the natives to the south of Delagoa Bay keeping cattle., a remark
which doubtless refers to the country bordering on the estuary of the

Umbelosi or English River.

He describes the tsetse met with as agreeing with Livingstone’s
figure except for a discrepancy in the drawing of the abdomen. He
tells that the four blackish cross bands on the second to fifth abdominal
segments are divided by a pale median stripe into equal parts, and
the last two are not, as the drawing shows, connected by a small dark
stripe.

Cohen speaks of the fly being in patches, where it occurs in dense
swarms, whilst absent from other parts.

At Nellmapius Drift he found tsetse in great numbers. Across

Furley’s Drift, between the Incomati and the Lebomho mountains, he
tells how, shortly before sunset as he was carrying a bucket of water
in each hand, he was unmercifully bitten; but, hardly had the last

ray of sunshine disappeared, than not a single tsetse was to be seen.

This, the third period of the history of tsetse, may be closed with
the fii'st published record I know of relating to Zululand. It is an
account by E. C. Buxton (lib) in 1871, no doubt a contempprary of

Baines (cf . Baines’ map) who appears, at about this time, to have
penetrated northern Zululand to beyond the Mkuzi River. He
writes:

—“The plains (? Makatini Flats) on the south (north-east

)

side of the Lebomho Mountains toward Delagoa Bay was the only

district where I met with tsetse fly. Immediately below the mountain
they seemed more numerous than at a greater distance. The belief

of the natives in the dangerous character of the fly is universal. I

have never heard any doubt expressed about it among the white
hunters, many of whom have come to this district for many years.

The fly which was pointed out to us as tsetse is very

common. . . . We were frequently bitten by them. I caught
several, but mislaid them somewhere, as I have been unable to find

ihem . . . The fly district nearest to Natal is about twenty days’

journey distant. Our horses and oxen we did not take into the fly

country at all.”

Buxton also writes:
—“The fly appears only at certain seasons

and in limited localities. The head of a kraal about thirty miles

distant from where we found the tsetse most abundant told us that at

that time (winter , no doubt) the fly was not in bis district, and pointed

to a heifer and some goats which he intended to send away Ik fore the

fly season came on.”

Third Period : Remarks.

The recorded history of this period introduces a recognized con-

traction of the fly, since it was in 1871 Theunis de Klerk told Baines
that he “thought that the fly was a curse that was being removed
from the country.” Moreover, Fynney, writing in 1878, states:—
“ Many parts which six years ago (1871-2) were known as fly country
are now entirely free.”
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It is also noticeable that fly was not encountered close to the
Limpopo, but was expected as soon as the track turned away east from
the river, or where bosrande occurred.

Baines’ route to Rhodesia confirms the general absence of tsetse

in Bechuanaland west of the Limpopo; his home route shows that
this did not hold good north of lat. 22° 20' S., or the region of the

Macloutsi and Pakwe.
A. C. Bailie, in describing the route to Rhodesia (.Proc . Roy.

Geoy. Soc., Vol. 48, 1878), says: From Shoshong to the Magalapsi
River is through hills over a deep black soil for twelve miles.

Not many years ago this place was infested with tsetse fly,

and now since the buffalo and other game have been driven out it is

so healthy that Chief Khame has made it one of his cattle-posts. Both
Khame and Lobengula are of the opinion that the fly disappears from
the district when the buffalo do. They are both thinking, experienced
men.” Bailie wrote on hearsay evidence, and was in error as regards
t Lis locality. The information he gathered may have related to some
other' locality.

Another feature that stands out clearly is the importance of

malaria and nagana upon the Lydenburg, Pretorius Kop, Delagoa
route. It is curious that Baines should lay so much stress upon the

danger of malaria along this route when he had gone over so much
malarial ground. This rather indicates that the malaria of the

eastern low country was always of a more malignant type than that

of the western, but higher, low veld.

Since it is the fashion to deny to the Zulu any knowledge of the

link between tsetse and nagana, it is interesting to have Buxton’s
positive evidence to the contrary.

The western arm of the fly-zone that once extended down through
the Waterberg and Rustenburg Districts appears to offer many
engaging features in relation to fly distribution therein. But of these

one can only speak tentatively, as even to-day it is sparsely occupied

and virtually unexplored as regards those characters one wants to

know most about. It may be described as a wide pan bespattered, kop-

strewn basin hedged about on the east and south by mountainous
tracts, whilst on the west it is bordered by the great Dorstland, which
reaches down to the bank of the Limpopo. To the north it is open and
continuous with the low veld of the Zoutpansberg District, which,
where the Blauwberge and Zoutpansberge do not intervene, falls

away, almost unnoticeably, from the Petersburg plateau.

All the evidence goes to show that in this north-west area tsetse

was closely associated with hills upon which the vegetation is denser

than that of the surrounding bush country, also that tsetse inhabited

spots where, it is possible, warmer conditions prevailed in winter,

and where, perchance, leaf-fail is not so marked.
It was very true of this area that tsetse did not depend for its

permanence on game animals alone, and that both climatic and floral

factors influenced its existence considerably. It seems that it was
such slight differences which inhibited extensions of fly into Bechu-
analand when southern extensions along the Crocodile and Aapies
Rivers were permitted.

It is very remarkable that up to tins time fly still existed so near
to the settled areas as the Aapies River (cf. Appendix F, 6), and may
even have extended into the Bushveld basin.

Even to-day one spot to the north of Rustenburg is notorious as

a former fly-haunt. This is where the Limpopo-Crocodile breaks



339

through the mountains to enter the western low country in the region
of farm Donkerpoort No. 830 (about lat. 24° 40' S.

;
long. 27° 17' E.).

This is the celebrated Ylieg Poort, and, by common consent, it is now
a break in ‘‘ The Ylieg Poort Mountains ” (of. Appendix E, 10).

The only documentary evidence, if so it may be regarded, to

show an extension of tsetse up the Aapies River is the Vlieg Kops
(and Poorts) of old maps (cf

.

Wylde’s Map of Eastern South Africa,

1889, and Troye’s Map of the Transvaal, 1892; also Appendix C. On
the other hand, my colleague, Mr. E. Thomsen, of the Division of

Entomology, has for years past told me that tsetse was said to occur
long ago where the railway line to Pietorsburg now crosses Pienaars

VI.

River. He resided there thirty years back, and then the old people

using the road told how they once had to cross higher up stream
because tsetse held the passage on the more direct route.

Y.—THE FOURTH PERIOD: 1888-1897.

“ THE LAST”

However little the gaps and lacunae of the earlier periods may
be filled by further inquiry, the last period is within the memory of

living man, and there are still many who can, of their own experience,

speak of the whereabouts of fly. This is illustrated by the excellent



340

data with which Mur. H. J. Grobler, Mr. J. E. D. Travers, and Mr.
13. H. Dicke have kindly supplied me, and which are included in the

appendices attached hereto.

The fourth period ends with rinderpest, but is one during1 the
whole of which there seems to have been a decided independent
shrinkage of the fly-country.

In the interim (1871 to 1888) is to be found a statement by F. B.
Fynney

(12 ) that reads:
—“ Zoutpansberg forms with YVaterberg the

northern boundary of the State, lying to the N.E. . . . Many
parts of this district, as well as Waterberg, are infested with the
tsetse fly

;
but there is scarcely need to attach so much importance

to this fact as is commonly done, because the fly is merely a temporary
and ephemeral scourge and always disappears with the large game.
Many parts, which six years ag*o were known as fly-country, are now
entirely free, and therefore it may be fairly hoped that the extinction
of the pest is only a matter of time ” (p. 120).

Writing in 1888, Jeppe (13 ) makes the following observations
concerning the state of affairs obtaining in Be Kaap Valley :

—

“

Game
has almost disappeared, frightened by the report of dynamite and the

prospector’s gun, and the tsetse fly has gone away with the game, save
in some parts of the valley. The valley formerly teeming with all

kinds of game, from the elephant to the steenbok, is now deserted
”

(p. 141).'

The remaining records for this period relate rather to musuem
specimens, excepting always the tale that is told in “Jock of the

Bushveld,” and Millais’ (14 ) “A Breath of the Veldt.” This latter

work of sport and art is interesting mainly because it shows the author-

artist hunting the Zoutpansberg in 1903 and not meeting tsetse until

he reached the Nuanetsi River in South Rhodesia. Even here he
learns of the shrinkage of fly, for he writes:

—“ Two years previously

to my visit hardly a hunter had penetrated down the Nuanetsi, and
even now only a bit of the upper portion is known. This is, of course,

on account of the much-dreaded tsetse fly, but now the fly seems to

have shifted from a central strip of the river over to within a day’s
reach of the Lundi ... we are now almost as near as we dare go
to this part, being within a day’s ride of it ” (pp. 142~3).

Coming to the few odd relicts of the myriads of tsetse that from
time immemorable overflew* many parts of the Transvaal we find

them represented, apart from the type specimen, by less than three

dozen of Glossina morsitans collected at the following places and
times *

:—
(a)

“
Little Crocodile River,” two days’ march from Barberton,

R. Crawshay, 1888. (Crawshay’s Collection.)

(b) Louw’s Creek, Barberton. Dr. Percy Rendall, 1873

(Distant’s Collection.)

(c

)

Tzende River, N.E. Transvaal, C. Heselfine, 1896. (British

Museum.)
(cl) Sabie District, near Olifants River, E. Transvaal, P.

Krants, 1896. (Transvaal Museum.)

To this it may be added that, according to Austin (7), Heseltine

also saw fly on the Shingwedsi, just west of the Lebombo, and on the

Great Letaba where it crosses long. 31° E.

* Determined by Austen. There may be other specimens in continental collections,

but I have no information bearing on this point.
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VI.—TSETSE EAST OF THE TRANSVAAL.

In Portuguese Possessions.

V l’iting* in 1910, Mr. C. AY. Howard (18) recorded fly-belts north
of the Sabi * River, but none were known to exist with any certainty
south of latitude 21° S. At this time, however, there was supposed
to be a belt of Glossina morsitans in the south-west corner of the
Province of Lourenco Marques (lat. 26° 40' S. E.

;
long. 32° 15' E.).‘

I understand from Mr. C. B. Hardenberg that this belt is still said
to exist. Upon what grounds the supposition rests is not at all clear,

since it has not been stated whether cases of nagana occur there or
whether tsetses have been noticed by traders or huntsmen. All things
considered, especially as the place indicated is where the TTsutu River
breaks through the Lebombo Mountains, it is highly probable that
the report relates to Glossina brevipalpis.

The country immediately adjoining the north-east Transvaal
(Altosave, in t lie south-west corner of the territory of the Companhia
de Mogambique, and much of Gazaland) is described by Mr. Howard
as “very little known and seldom entered by white men.” It is

questionable whether, after a lapse of thirteen years, any more definite

a statement can be made regarding this area.

However, as regards the Districts of Inhambane and Lourenco
Marques, Mr. Howard wrote authoritatively as follows:—“ The
southern part of the Province . . . was at one time noted for the
presence of tsetse. After rinderpest passed over South Africa,

however, the fly began to disappear, and we have been unable to locate

a single tsetse belt in this portion.”

The information scattered through this paper shows that tsetse

had been commonly observed east of the Lebombo from latitude 24°
to 27° S. As is to be expected, a want of continuity is evident, and
there is also some evidence of a limited eastern spread. As regards
the Districts of Gaza, Inhambane, and Lourenco Marques, it seems
hopeless to collect much definite information. Baines and Hope leave
their readers to infer that tsetse was to be found all the way from the

hills to the bay across what is actually a narrow neck of the region
involved (lat. 26° S.). Cohen, however, makes it fairly clear that
this was not the case as far as his route was concerned, the fly country
ending where the lala palm country began. He also saw cattle along
the estuary of the Umbelusi.

General statements lead to the supposition that the whole country
was infested. Such is one that is to be found in The New South Africa
(19). It concerns the effect of tsetse on donkeys, and reads: “ I

myself have seen them (donkeys) traverse safely the distance from
Delagoa Bay to Leydenburg, Z.A.R

,
in 1874, when the country was

thickly infested with flies ” (p. G7). A few lines in The Sportsmen of
South Africa (20) apply to Gaza and Inhambane to the same general
effect. These read: “ The low-lying veld and most unhealthy country
between the mouths of the Zambesi and the Crocodile (Incomati) which
are impenetrable to horses on account of the presence of the tsetse fly

pest” (p. 17).

Not the Transvaal Sabi.
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Further, the history and the customs of the native population
strongly confirm a general and ancient distribution of fly.

On the other hand, we know that such fly-belts as existed must
have been been scattered, as there is so much open country and the
river valleys are mainly plain-like and free of forest. Little as

Trigardt related of the nature of that part of Gazaland he passed
through, he is constrained to tell when in bushveld. He only
mentions this type of country twice, first when at the kraal of

Halowaan, and, again, on coming opposite that of
“ Macolaan ” on

the “ Wiensaana ” river. Erskine also makes a point of mentioning
those occasions when his path took him through scrub or forest, and
when at the junction of the Olifants and the Limpopo wrote: “I
was informed by the natives living here that no tsetse fly exist within
some distance of the banks of the river; that at one time they possessed

cattle, but the Amaswazi had so plundered and harrassed them that

they had ceased to keep any. Our ivory, they said, we can hide, but
our cattle we cannot.” There were, therefore, two factors leading to

the general absence of practice of paying lobola with cattle amongst
the tribes of the Limpopo region—marauders and tsetse

Upon the, whole it would appear that, east of the Lebombo, fly-

belts were to be met with where bush grew on ridges between the

valleys. The elusive kraal of Halowaan is one example; Erskine's
observation at

“ Simini ” is another. To these must be added that

of E. H. Richards (21 ), who, writing in 1885, stated: “The tsetse

fly was first met with in Makwakwaland to the west of Makwakwa
ridge.” The context of this remark indicates the country of the

Macaucas west and south-west of Inhambane, and places the belt about
sixty miles inland at about latitude 24° S. These belts, as well as

that at the source of the Tembe River, are suggestive of Glossina
pollidipes.

VII.—TSETSE IX ZULULAXD.

The earliest reference to tsetse in Zululand is the one already
brought under review in the last period and dates back to about the

year 1870. That the presence of fly, and to some extent its distribu-

tion, was well known prior to the time of Buxton’s visit is evident
from the concluding sentence of the quotation. Buxton also makes
it clear that the Zulus were acquainted with summer extensions and
winter contractions. Up to the present, however, I have not been
able to find any other published record of early date relaiing to

Zululand.
My own first experience was in the year 1904, when I was bitten

by a fly whilst driving across the drift of the Umhlatuzi River on
the road from Eshowe to Melmoth (lat. 28° 45' S. ;

long. 31° 28'.),

and I have a very clear recollection of the driver telling me we were
passing through “

fly,” and that the trees had been cleared away
from the drift on account of fly.

In view of a more recent belief that tsetse did not exist so far

south as this point in the valley of the Umhlatuzi, I wrote to Sir
Charles Saunders asking him whether I could have been mistaken.
To my inquiry he has been good enough to reply in the following
words :

“ The southmost point I knew tsetse to exist was in the region
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and Eshowe, so it is quite possible you saw one there at the time you
mention.” (Melmoth, Zululand, 17th March, 1923.)

Earlier, in 1904, I had received two specimens of tsetse from Sir
Charles Saunders; these he had secured for me in the Umfolosi
Reserve. From my letter-book I extract the following remarks in a

communication addressed to Sir Charles under date of the 9th Novem-
ber, 1904 :

—
“ I thank you very much for your letter of the 3rd instant. I

have been unable to reply earlier, as the specimens arrived
only yesterday. I have examined them carefully, and
decided that they are both examples of Austen’s new
species, Glossina pallidipes. This species is very closely

allied to Glossina morsitans. The characters on which
Austen bases the species are (1) its larger size, (2) its

darker abdomen, (3) the fact that in the common tsetse the

last two joints of all six legs are black and in contrast with
the rest of the leg, whereas in G. pallidipes it is only the

last pair of legs that have black feet.”

Through the kindly offices of Mr. E. C. Chubb, Director of the
Durban Museum. I have been able to examine the, unpublished map of

the fly-areas of Zululand made by the late F. Toppin in 1912, and
also a letter Toppin wrote at this time. These I am permitted to

publish as an appendix (E) to this paper. Toppin had a very good
knowledge of the fly-country west of Lake St. Lucia and collected

many specimens, taking only pallidipes.

Another document (15 ) on tsetse in Zululand, passed unnoticed
by reviewers of tsetse literature, is a paper by my friend, Dr. Park
Ross, published in 1911. This contains a number of interesting state-

ments, one of which reads:
—“ Out of some 150 flies collected in the

wide area detailed below, I failed to obtain a specimen of any other

variety than G. pallidipes, and kept a careful watch for G. morsitan*

in particular, as this is supposed to be prevalent in Zululand
Glossina pallidipes thrives well in low, dry, thorny country, and m
Zululand its range appears to coincide with that of the greater Kudu.
It is found most abundantly on the outer border of the strip of dense

bush which clothes most of the river banks, and which may extend on

either side for some 400 to 500 yards. T have obtained specimens on

a treeless, wind-swept hill, but consider it possible that they had

followed wildebeest there, although none were about at the time
”

(p. 165). The “ area ” referred to is
“ the wide flat between the

Mkusi River and Intambana Hill ” (p. 166). Dr. Park Ross con-

cludes his paper with the following statement:
—“The constant

disturbance of the haunts of tsetse by the genus Homo will have its

effects on them, and will occur in each part of the country as it

becomes closely settled. When that happens the wild game will

disappear, and the fly will follow suit” (p. 170).

YIII._THE TSETSES OF SOUTH AFRICA.

There are four species of tsetse recorded from Africa south

of latitude 22° S. These are Glossina morsitans Westwood; Glossina

pallidipes Austen; Glossina brevipalpis Newstead; and Glossina

austeni Newstead (Syn. : G. brandoni Chubb).
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Glossina morsitans.—For aught we shall ever know Vo the
contrary, this was the only species met with in the Transvaal. Where
else below latitude 22° S. it may have existed there is really no
evidence to show. We cannot even say at this time whether the lly

met with in the sixties and seventies east of the Lebombo was this

species or not.

There is, however, a specimen of morsitans, according to Austen
(7 ), in the Oxford Museum labelled “ Grahamstown, Cape Colony
(purchased from Higgens, 1869).” We may safely conjecture that
this specimen was brought to Grrahamstown from the region of the
Limpopo, or even farther' to the north. It would indeed be interesting
to find who brought it there and whence it came, since it is impossible
to regard it as having been captured in th neighbourhood of Grahams-
town.

Further, there are two specimens of morsitans in the Yerrall
collection (cf . Austen) which bear the label “ Zululand.” In the
absence of any other evidence, past or present, of the existence of

morsitans in Zululand, I regard this record as wholly unacceptable.
If Yerrall obtained these specimens from Mons. Bigot’s collection the
record is open to grave suspicion.

Glossina pallidipes .-—This is the predominant tsetse of the
nagana areas of Zululand that lie between latitudes 27° 25' and
28° 35' S. The observations of Toppin (Appendix E), Bark Boss
( 15 ), and the Division of Entomology all point conclusively to this

being the case.

Glossina austeni .—The existence of this species in Zululand is

known from one specimen only, and this was described by Chubb (16 )

under the name Glossina brandoni. It is said to have been captured
in the Court-house on the bare heights of the Ubombo by Mr. J. M.
Bobertson in March, 1915.

Glossina brevipalpis.—The discovery of this species had its birth

in the finding of austeni. Mr. Chubb asked Mr. Brandon to secure
more specimens of tsetse for him, and was sent a specimen of brevi-

palpis, together with several pallidipes, captured “near Dbomb.o.
25th April, 1915.”

There is little doubt that these were collected at the foot of the

mountain, in the Mkusi valley. Later, Mr. D. T. Mitchell presented

the Durban Museum with a specimen of brevipalpis he had obtained
in the Mkusi valley, 20 miles from Ubombo. More recently (1921)
the Hon. Denys Reitz caught a specimen of this species at Lake Inya-
inite, a long narrow bayou of the Pongola, within three miles of the
Portuguese border, where the species seemingly exists in fair abun-
dance.

IX.—CONCLUSION.

The interesting phenomenon with which we are faced is that

from certain geographical limits tsetse has vanished in recent

historical times. These limits may be fixed for the Pi-ovinces of the
Union as between latitudes 22° S. and 2GC 40 ; S. Unfortunately, one

cannot speak with any great certainty regarding the Portuguese
possessions between these latitudes east of the Transvaal

;
although
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tiler© is very good reason to suppose that most of this territory is no
longer infested with vectors of nagana. This is almost certainly

the case for the district of Loureneo Marques, since nagana is said to

be no longer met with immediately east of the Transvaal border.

The outstanding feature of the historical review presented is

that, while tsetse remained abundant in the low country between the
Drakensburg foot-hills and the Lebombo gang© down to the time of

rinderpest, it had disappeared before that epoch from two-thirds of

the territory it previously infested. Consequently, whilst it may be
claimed with much reason that rinderpest led to the rooting out of

the fly from the eastern region of the Transvaal, no occurrence of so

cataclysmic a nature can be held to account for its vanishing from
elsewdiere in the Transvaal.

The process in the Rustenhurg-Waterberg Districts may be

likened to the slow lifting of a miasmatic fog, rolling northwards.
Whatever the riddle may be, it is to this particular area that we must
first look for its solution

;
and we must go back to the days of Theunis

de Klerk, wdio, in 1871, regarded tsetse as
“

a curse that was being
removed from the land.” We must study the happenings that took

place there, especially in the period 1872 to 1878, and the following

ten years, during which, according to tradition, tsetse disappeared
” when the buffalo went north.” (1888.)

Although tsetse maintained a firm hold in the eastern low
country down to 1896, there rvas evidence of contraction. This, how-
ever, appears to have been a simple departure from parts most
frequented by men armed with guns.

Another feature of this account is the evidence of a distinct

association of flv with certain “ bosrande” in the western Transvaal.
We now know so many spots where flv actually occurred that it

should be quite an easy matter to classify the local conditions, and so

ascertain the physical-floral association which provided suitable

environment and limited the fly. By deduction we may then arrive

at some estimate of the unknown factor, the removal of which left the
insect to die. The same applies to the eastern low country, although
here there was more an association of fly with the wooding of rivers

or rivulets.

The question at once arises whether such an investigation would
confer any practical benefit, in Anew of the fact that the fly which has
disappeared is Glossina, morsitans, and the one (of importance) that

remains is Glossina pallidipes.

If any secure evidence existed of a previous presence of morsitans

in the nagana areas of Zululand, it might be argued that this species

received its quietus there at the time of rinderpest. As there is no
acceptable evidence to show that morsitans did inhabit Zululand, such
an argument becomes untenable. It is also highly probable that
morsitans would not find a wholly suitable environment in Zulu-

land where, it must be admitted, the climatic conditions of the flv-

faroured areas are somewhat different from those of the Transvaal,
being near the sea and without any great intervening physical barrier.

All things considered, it seems to me extremely probable that
morsitans did not extend its range indefinitely east of the Lebombo
mountains, or south along the Lebombo flats of Swaziland, whilst

pallidipes probably ranged from far north in Portuguese possessions
to the Umhlatusi River in Zululand.
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It cannot be urged that pallidipes in Zululand has been for an
indefinite period as distantly cut off as it now is by 700 miles from
its present more northern haunts on the east coast, and it is reasonable
to assume that this species was also a vector of nagana east of the
Lebombo Mountains.

Since tsetse once existed (1837-1896) in the District of Lourenco
Marques from the Olifants to the Tembe River, it is onlv reason

able to believe that the bushy, watered ravines and gullies scoring
the sea-face of the Lebombo range to the south of the Tembe were
also infested. Hence the break of 60 miles in our chain of evidence
regarding tsetse habitats between the Tembe and Pongola poort would
be materially reduced.

Accepting these premises as correct—I think they are scarcely

debatable—we are compelled to the conclusion that the process which
removed morsitans from the Transvaal acted similarly upon pallidipes

in southern Portuguese habitats.

Granting that pallidipes once extended, at least in patches from
north, where it is to-day, to south, where it also is to-day, one is faced
with a further problem : What was the nature of the bridge now
broken? If it be granted that the insect cannot now spread north-
wards because of the present-day physical-floral faunal condition that

obtains just beyond its northern limit in Zululand, it cannot be said

that an exactly similar set of conditions prevents it from spreading
from the north to the south. There is no baulking the fact that a

southern spread from the far north is not hindered by known floral or

physical factors. Since it cannot be a climatic factor, one is driven
to the conclusion that what is missing is of a faunal nature.

I can only think that morsitans is also prevented from returning
to its old Transvaal haunts because the faunal bridge is jjo longer
entire.

Personally, I cannot look with equanimity upon the non-extension
of pallidipes to the north, simply because it appears not to have
bridged a gap created 27 years ago; a gap which game
preservation might, all unwittingly, fill up from both ends. It is

thought, for instance, that pallidipes will not spread north of its

present Zululand confines because the floral condition beyond does not
permit of such a spread

;
but, given the necessary faunal factor, I can

see no reason, in our present knowledge of the species, why it should
not traverse the forest avenue of the Pongola or reach the old tsetse

haunt west of the Lebombo mentioned by Mr. Von Wissel (cf

.

Appendix F 12). Who is there to say that it is not already en route

along obvious passage-ways?

As Glossina brer ipalpis has been found at the northern extremity

of the Pongola, where this river merges into the TJsutu to form the

Maputa, and also in the valley of the Mkusi, in the latitude of the

TTtombo Magistracy, there is every reason to think that a survey of

the Pongola and its chain of lakes would show a strip of country
inhabited by this species, right through Amatongaland, and possibly

an extension into Portuguese territory \cf. Howard (18)].

I would like to close this review without entering any contro-

versial field, and I would willingly do so were it not for the contention

that it was not wholly rinderpest which explained the eradication of

fly from the eastern low country of the Transvaal.
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I have lung been profoundly influenced by the sensible arguments
advanced by Major -J. S. Hamilton

(17 ) and endeavoured to imagine
what other cryptic influence could have been at work when rinderpest
invaded the land. When one stands between this plausibility and the
eA’idence brought forward to show that tsetse can survive on herbage,
or even thin air, the few other speculations to be advanced will not
bear any critical examination.

It does seem extraordinary that morsitans should die out in the
western and northern Transvaal during a series of years and in the
presence, of at least a problematical food supply. Thoroughly as the

old Boer shot out the fauna, some animals always escaped him, and to

nowhere would these be more likely to retreat than into the cover of

the bosrande, and, above all, those frequented by tsetse. Moreover,
the shooting out of the game was of necessity more extensive and
thorough, as regards big and small, in the earlier rather than the

later period of fly existence in the western Transvaal.
It is quite as remarkable that the fly should have disappeared

from the eastern low country when so many animals were not affected

by rinderpest, and. of those that were, some, of every species seemingly
escaped destruction.

As rinderpest never did operate against tsetse in the west and
north, and as it lias been shown experimentally that disease-laden

blood does not militate immediately against the fly, one can only

arrive at the conclusion that rinderpest, as it -ran its erratic course
through one fly-belt and another, brought about the death of the

insect by starvation. Circumscribed by the floral factor to relatively

small areas, it may have happened that the pertinacity of the flies

drove forth any animal entering their shelters so that they contributed
to their own undoing; or, inversely, the want of food caused them to

scatter and to succumb to the adverse conditions surrounding their

native environment.
Approached from any angle, a consideration of both the gradual

and sudden changes in the Transvaal leads one towards the acceptance

of a greater dependence of this insect-parasite on certain animal hosts

than is commonly granted ; not necessarily an absolute dependence of

fly on buffalo, as the old Boer and Selous taught, but an intricate

dependence upon animals whose habits brought them regularly to the

haunts of the fly.

It is very true that insects which are ecto-parasites of animals,

when limited by circumstance, tend to become more and more depen-

dent upon their accustomed food and unable to propagate indefinitely

upon a change of diet. For this reason the possible dependence of

tsetse on certain animals calls for examination. It is not sufficient

that for three years a series of generations were successfully reared

or. the blood of guinea-pigs and rabbits. It is essential to show that

such a rearing need not have terminated, as it did, by the elimination

of the female sex.

In a sense tsetses are indiscriminate feeders upon animals, and do
not refuse the opportunity to bite and take a fill of blood when such

is offered; it is equally true that they are attracted to fresh carcasses,

and have been bred for short periods upon unusual food supplies; it

may be that there exist many unusual but unobtainable food supplies

that suit them. However, in their native environment, their per-

manency may depend on few of the many kinds of animals frequenting
their haunts.

20
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The toll levied upon the fauna of Zululand according to the testi-

mony of Sir Charles Saunders (Appendix D) materially affected the
abundance of Glossina pallidipes in Zululand. It is notorious that
this was so, and Mr. F. Vaughan Kirby (22), who has had more
opportunity than any one to analyse the local evidence critically,

agrees that such was the case.

In admitting that “ a mysterious partial disappearance of tsetse

fly
”

synchronized with rinderpest in Zululand, Mr. Vaughan Kirby
says (p. 388) that the plague did not bring about “ any appreciable
diminution of all sources ” of food supply, and that

“
there could

have been but a comparatively small percentag-e of the supply cut
off. . . . Zebra . . . were immune from the disease, wilde-
beesten . . . suffered but very slightly, if at all, consequently
these were left in great numbers, as well as many bushbuck. The
presence of these species alone would have furnished ample food-
supply, to say nothing of such bush-pig, buffalo, and kudu as certainly
remained. I lean to the opinion that possibly a certain proportion of

the existing fly was killed by absorbing the virus-laden juices of the
dead carcasses of animals killed by the plague, and the diminution of

their numbers accentuated by existing climatic conditions, which
were overlooked at the time or not considered in relation to the
bionomics of tsetse fly ” (p. 388-9).

All things considered, could there have been an influence working,,
veiled in impenetrable, obscurity, during the few months when rinder-

pest raged through the country that similarly affected two species of

Glossina to the exclusion of other insects? And was it the same
sinister process that had with mystic force, been operating for decades
in the west and north of the Transvaal? Here, indeed, do we set sail

on an uncharted sea whose subtle currents carry our barque past

many ports, but never to any safe anchorage.
Apropos of a possible close association between parasite and host,

the following remarks by Mr. Vaughan Kirby are not without peculiar

significance. On page 389 he writes:
—“What will be said when

the gradual extermination of the game brings the fly to the doors of

the kraals and other habitations, seeking from domestic stock some of

the sustenance they are denied by the scarcity of game, and, later

still, when virtual extermination is accomplished and nothing remains
but domestic stock for their food supply? Domestic animals, in

gradually increasing numbers, themselves constitute almost as serious

a factor in the spread of nagana as do wild animals, and it would be
a grave error to delude ourselves with the idea that when the game
is destroyed the fly will vanish.”

But we have seen tsetse disappear from the Kustenburg, Water-
berg", and Zoutpansberg Districts, where, after the flight of Mzilikatzi,

the natives have since kept cattle, even against fly-countrv, and where
fly extensions penetrated the areas they occupied. But Glossina
mOrsitans did not invade the kraals. Then came the voortrekkers.

They slaughtered the game: and, within certain limits, game destruc-

tion and bovine replacement went hand in hand. The old Boer had
no delusions, and his domestic animals did not brin™ the fly to his

habitation. Perchance, even in Zululand, time will show that

Glossina pallidipes has not been able to establish itself permanently
among the flocks and herds, notwithstanding many opportunities to

do so, and the plenitude of spots as suitable for breeding-gypunds as

are laboratory bottles.
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Finally, if as regards viorsitans in tlie Transvaal we are com-
pelled to deny all dependence of parasite on host, then the vanishing
of fly can only be set down to something prodigious. Were this so,

annihilation would not have been the gradual process it was
;

but
would have been coincident with some unusual occurrence such as

rinderpest and boldly blazoned across the annals of the country.
The survival of tsetse in Zululand was probably due to some

simple circumstance, perhaps the compactness and greater depth of

the tlv-belts were sufficient. In the fly-country of Zululand the

general floral condition is so arranged that surviving fly could always
follow up surviving game and find suitable breeding-places. More-
over, it may be possible to show that in the denseness of that fly-

country a relatively greater proportion of the long-protected and
susceptible wild animals escaped rinderpest than in the Transvaal. I

can imagine no claim being made to “ Game Preservation,” dating
back to 1887, in the Transvaal.

X.—SYNOPSIS.

A.—Remarks.

(I) The experience of the hunters in the years 1840-1848 served

to show :
—

(1) The absence of tsetse from Beclnianaland.

(2) The absence of tsetse from the forest avenue of the

Limpopo.
(3) The definite association of tsetse with busli-clothed ridges

and hills (bosrande).

(4) An abundance of elephant, hippopotamus, rhinoceros,

giraffe, wildebeest, and many antelopes in the Districts

of Rustenburg and Waterberg.
(II) The travels of Baines illustrated:—

(1) The absence of tsetse from Beclnianaland south of the

Macloutsi River.

(2) The absence of tsetse from the forest avenue of the Lim-
popo.

(3) The definite association of tsetse with bosrande.

(4) The abundance of tsetse after elephant, hippopotamus, and

rhinoceros had practically disappeared.

(III) On the authority of Major T. G. Trevor, Inspector of

Mines, the. bosrande of the Waterberg* low country are clothed with

trees, sometimes densely at their bases, and are overgrown with a

tangle of plants. In this respect they are impenetrable islands in a

surrounding bushveld through which, owing to the spacing of the trees

and the absence of thickets, one can gallop on horseback.

(IY) The observations of Mr. J. E. I). Travers and of others

disclose the fly-belts of the eastern low country as occurring along

rivulets and, on the whole, as elongate patches two to five miles in

width and from four to nine miles in length; usually with wide

intervening spaces.

(V) The observations of Toppin and others show the Zululand

fly-belts as broad and extensive. The smallest is 64 square miles in

extent (8x8); the two larger are 000 square miles in extent

(20 x 30).
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(YI) The tsetse which predominated in the Transvaal was
Glossina morsitans

.

That wdiicli now occurs in Zululand is Glossina
pallidipes, a very closely related species which co-exists to-day in the
same terrain with G. morsitans north of the Zambesi.

(VII) There is at present no available evidence to disclose what
species inhabited the Districts of Inhambane and Lourenco Marques,
and the evidence pointing to the existence of G. morsitans in Zulu-
land cannot be accepted in the absence of confirmation.

(VIII) Although it is assumed on fairly reasonable grounds that

tsetse is extinct in the Transvaal, no positive statement should be
made in the absence of a scientific examination of former haunts in

the north-eastern area.

(IX) The observations of Mr. B. H. Dieke serve, to show that

—

(1) Tsetse remained abundant in the Singwedsi-Letaba basin
after the larger game animals had been destroyed or driven
out, i.e. elephant, rhinoceros, giraffe, and, to a large
extent, buffalo.

(2) Tsetse subsequently disappeared from that part of this basin
settled by natives prone to the chase and becoming
possessed of fire-arms.

(3) Although the disappearance of the insect followed upon a

considerable reduction of the wild fauna, ’his reduction
could not have approached eradication, but did involve the
constant harrassing of the remaining animals.

(4) Tsetse failed to accommodate itself to the changed habit of

the remaining- game or the new food supply as represented
by the blood of man.

(5) The incidence of rinderpest was providential. Had there

been no such epidemic, the subsequent disarming of natives
in erstwhile fly-country would have led to a decided
increase in the wild fauna and the return of the fly.

B .—Coxclusion s

.

Omitting evidence to the contrary, accumulated in approaching
tsetse problems elsewhere and by other methods, the conclusions and
inferences to be arrived at from this historical review may be sum-
marized as follows :

—
(I) A practical interest cannot fail to attach to a full examina-

tion of the causes which led to a gradual disappearance of tsetse from
the Transvaal and the surrounding territory, because

—

(a) the disappearance of the insect accompanied the extinction
or driving away of certain large wild animals;

(b) the disappearance took place throughout many large areas

in the absence of any general settlement by Europeans

;

(c) in the greater part of the infested territory the disap-

pearance did not coincide with any abnormal climatic
condition

;

(d) the disappearance also took place, in the presence of many
possible sources of food supply, as presented by a variety

of wild animals, including antelopes, wildebeeste, zebra,

and, in settled areas, by domestic stock.
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(II) Tsetse existed in the north-west Transvaal by virtue of

peculiar and localized floral-faunal associations. Thus the fly seems
to have been strikingly dependent upon peculiar and circumscribed
plant assemblies for a favourable habitat, and to have found an
appropriate food supply in the blood of certain wild animals regularly
frequenting its haunts.

(III) As these plant-assemblies or woodings remain and have
always harboured, to a greater or lesser extent, a variety of wild
animals, it seems as if some inter-relationship existed between the
tsetse and its animal hosts. On the floral-faunal combination the
permanency of the insect depended, and this permanency was either
governed by the regularity of habit on the part of the hosts or the
suitableness of their blood to the successful and continuous propaga-
tion of the insect.

(IV) The disappearance of tsetse from the eastern low country
of the Transvaal and the adjoining’ Portuguese territory (Gazaland,
Inhambane,, and Lourenco Marques) followed suddenly upon rinder-

pest in the absence of any regular or recognized system of game
preservation.

(V) It may be assumed that the extinction of fly in both the
Transvaal and in the part of Portuguese East Africa under reference

was due to the sudden and universal application of a process, leading
to extinct ion, which had been working gradually .over many years in

the west and north of the Transvaal.

(VI) It is extremelv probable that Glossina pallidipes occupied
parts of the Districts of Gazaland. Inhambane, and Lourenco Marques.

(VII) As Glossina pallidipes and Glossina morsitans both survived
rinderpest north of the Zambesi, and as Glossina pallidipes survived
south of the Maputo, it may be reasonably assumed

—

(a) that Glossina pallidipes formerly inhabited parts of the

intervening 700 miles of territory, and was not always so

isolated as it is to-day in Zululand

;

(h) that Glossina pallidipes was eliminated from the inter-

vening territory by the same process that led to the

ultimate disappearance of Glossina morsitans from adjacent
Transvaal areas.

(VIII) The process leading to the disappearance of Glossina
morsitans from the eastern Transvaal at the time of the rinderpest

tended to eradicate Glossina pallidipes in Zululand, but failed prob-

ably because the plant assemblies of Zululand, affording this tsetse a

favourable environment, were relatively vast, and successfully

harboured a greater food supply. This is explained by these plant

assemblies being game sanctuaries in a gunless land, wherein a

sustained effort at game preservation had been maintained by the

Imperial Government during the period 1887 to 1897.

(IX) It may be assumed for Glossina morsitans that this species,

at least, is not able to accommodate itself to changes of environment
following the settlement of fly-countrv by a population possessing fire-

arms and given to hunting regularly.

(X) The complete eradication of the wild fauna does not appear
to be essential to tsetse suppression, but a decided reduction thereof

—

followed up by a constant disturbance of the. animals which escape,

and to such an extent as to bring about changes of habit and shyness
—tends to lead to the disappearance of the insert.



Appendix A.

TSETSE IN THE ZOtJTPANSBERG DISTRICT.

By Mur. H. J. Geobler, Groblers Plaats, Zoutpansberg.

{Being a translation of a letter to the author, with a map prepared
upon data furnished by Mnr. Grobler.)

In reply to your letter of the 11th April regarding tsetse fly, I
wish to inform you that, in 1849, I accompanied the Potgieter’s Trek
to these parts, and lived in the old town of Skoemansdal. The tsetse
fly was to be found at that time on a bushy hill (ruigekop), now farm
Leeuwknop, also on a spot then called “ Tsakalala.” and now knowm

as Buisplaats and Buishoek. As the buffalo were soon exterminated
after the arrival of the Europeans the flies also disappeared. How-
ever, tsefse remained for a long time on (he farms Zuurbult, Kaal-
plaats, Lena, Knopjesdoorn, Fraaifontein, Aufderhaard, behind the
east end of the Blauwberg. Until the year 1869 great care and
caution was taken hereabouts—cattle and wagons having to pass
through the infested veld by night as far as a farm now known as
Kierielager, a barren farm on the Brak River. The buffalo were
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entirely driven off the above farms between 1869 and 1872; since
their extermination, flies were no more seen, and we could trek freely

towards the Limpopo without seeing a single fly.

The present Knopneus Location, east of Louis Trichardt, remained
a densely infested region until about the year 1873. After that, fly

was found lower down along the Groot Letaba and Olifants Rivers.
Only in 1890 did that region become free of fly. Tsetse was, however,
still present in small areas between the Olifants, the Groot Letaba,
and the Palabora Rivers until the year 1894.

You will notice that I frequently make mention of the disap-
pearance of buffalo followed by that of the fly. Xow, just a short

paragraph to clear the matter.
The old Boer had always a deep-rooted belief that the buffalo was

to be held chiefly responsible for the presence of the fly, because just

where buffalo were found there were flies. Thus hunters were always
on the lookout for flies where they found buffalo tracks so that they
could take precautions.

As regards the big trek road to the Limpopo, as far as T remember
no clear road existed; it was only a trek road made, by the commando
of Potgieter in 184J. It went from the Hout River along Wetfontein
to the Risrie Camp; from there to Koloempies farm Calais (old

Xo. 1286) ; then across the farms Du Prat, Concordia, Aanswires,
Duikerfontein to Stinkwater, and on to Wegdraai Krokodilrivier

;

then across the farms Onrust, Eenvogelpan, and Breslau as far as

the confluence of the Macloutsie and Ivrokodil Rivers; then on to

TJmzilikatse’s. I do not know how the trek went farther. But the

road was a very bad one, and here and there you would find a tree

cut down which had stood in the way of the party trekking.

As far as possible I have marked on your map the road and the

fly areas. The whole country from Zoutpan-Brak River north-east

was infested with tsetse until 1869, and in the bushveld near the
Zoutpan, fly was found still later.

Appendix B.

TSETSE IX THE EASTERX LOW COUXTRY.

By J. E. D. Travers, Acorn Hoek, Eastern Transvaal.

Prior to the rinderpest, tsetse fly was numerous all over the low
veld. The fly seemed to disappear completely about 1897. At the time
we all conjectured as to whether this was due to any infection of the fly

through sucking blood of animals suffering from rinderpest.

In the year of the rinderpest, kudu, warthog, bushbuck, and
wildebeest died from the disease in very large numbers. It was quite

common to find untouched carcasses, i.e. untouched by vultures, lions,

hyenas, or jackals, so satiated were all such vermin and carnivora.

On one occasion, early in 1897, I found the carcasses of lliree giraffe

(also untouched by any birds or beasts of prey) lying side by side on
the veld, evidently also victim's of rinderpest.

So far as I know, there were no scientists investigating in Ibis

region at that time, or the cause of the exit of the tsetse in these parts

might have been accounted for. It is certainly remarkable that it



354

should have disappeared with the rinderpest. No one who saw the
hundreds of game lying dead in those days has any doubt about the
association of the two events.

Tsetse was known to local natives as “ Tseka ” or
“ Imbo.”

In those days I was much in tbe veld for the, purpose of hunting
big game '(hippo., giraffe, zebra, blue wildebeeste, waterbuck, kudu,
sable and roan antelope).

Game was plentiful, and so wras fly. Directly one entered the
shade, and very often in the open sunlight, fly would attack one,

sometimes in ones and twos, at other times in veritable swarms.
Tsetse alight in an almost noiseless manner, and the first intimation
one usually has is the very sharp prick which announces their

presence. One’s hands and uncovered portions of one’s legs would
stream with blood from their vicious bites. The fly was exceedingly
wary and hard to catch. We used to run a knife-blade along our
arms and pinion their feet with it.

On one trip all our donkeys—used for wagon transport on account
of fly—died when they got into the mist-belt on the Drakensberg©,
after their return. It was usual for donkeys to outlast all other
animals. Cattle and horses succumbed very quickly, as also did dogs,

and I lost many dogs in the fly-country.

It is stated by old and renowned hunters like Selous and Oswell
that fly always are found with or close to buffalo. In this locality

wherever buffalo were found, fly was sure to be there.

One remarkable fact was the definite manner in which fly would
stick to a certain area, and native residents averred that they would
never pass certain (to them) fixed boundaries. In the vicinity of the
Lebombo Mountains' in 1896 I have had tsetses flying about me, and
have seen cattle belonging' to natives feeding unmolested by fly on
the oilier side of a creek, a matter of 200 yards away. Natives stated

that the fly never crossed that creek. From what I have learned of

natives since, I should have thought they would have lost all their

cattle, so careless are they in regard to herding. However, in the
fly-country possibly the danger kept them up to the mark. The creek
in question was one of the small northern affluents of the Sabi, just

west of the Lebombo, on either farm Venetia No. 633 or Strangersrest
No. 931.

As regards the distribution of fly, it is difficult after so long a

lapse of time to be positive as to exact localities
;
and, unfortunately,

all my old diaries were destroyed during the Boer war, so I have no
notes, made at the time, to draw upon. But what I have set down on
the map I have seen myself. As viewed from to-dav, my impression
is that fly became more prevalent as one travelled eastwards towards
the Lebombo. The country along the Lebombo, between the Sabi,

Massintonto, and TJanetsi Rivers was particularly dense, but even
there 1 have a distinct recollection that it was not one continuous belt

of fly-infested country.
T encounteied fly just east of the Lebombo below the Massintonto

River, and fly was prevalent up to and northwards from the kraals of

the natives Massingire and Sintenyana on the Portuguese side, and
from there northwards to the Singwedzi River. I have questioned
somei of my old hunting boys about fly in Portuguese territory imme-
diately contiguous to the Lebombo, and they assert that there were
very big areas in which there, was no fly. For instance, from Sinten-

yana’s (just through the poort of the Olifants in the Lebombo) right
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down to Marakinge’s at the junction of the Olif’ants and the Limpopo.
Also at Gfungunyana’s head kraal, known as “ Bjyin,” and situated
on the Limpopo, just below the junction of the Olif'ants.

So far as the Transvaal area was concerned, in the vicinity of
the Lebombo Mountains, as well as my memory serves me, fly was
everywhere, right up to the Olipants Liver, and probably beyond it.

The rivers Massintonto and T
Tbabate (M’badati) were particularly

closely infested, especially between the TTbabate and the Olifants on
the numerous spruits running northward. Here at the time several
large herds of buffalo were located. From the present Sabi bridge

Former Fly-belts of the Sable Game Reserve.

The distribution of these belts serves to show how Improbable it was that the Trigardt Treif went
by way of the Zand and Massintonto Rivers.

down towards the Lebombo on both banks tsetses were very numerous;
but I fancy there was a break also on both banks opposite Hobo’s
Kraal (Rome No. 940).

To the best of my recollection, fly-country Mas entered hereabouts
when twelve to fifteen miles east of the Drakensberge, or thirty-five

miles west of the Lebombo. It was not continuous, but was in belts

or zones.
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The first belt one encountered in this area was at Mahaman's, on
the Zand River, where the farm Rolle No. 276 to-day stands. From
there eastwards fly was found in belts. These belts became well
known and did not seem to move, although fly would move, from one
area to another or enlarge its area. On some instances tsetse covered
large areas; in others the area would be only a mile or so in extent.

A fly which excited my interest was encountered on the Ubabate
River about this time. Its species is unknown to me, but in view of

what information has since been disseminated in the Press in regard
to tsetse I would regard it as another variety. It was about the size

of the tsetse, possibly slightly smaller. It was the same silent flier.

Tsetse made a slight buzz as they flew about one. This fly was
entirely silent. His body was hirsute and appeared to be covered
with tine down as if one had dusted the fly with olive-green powder.
It was a remarkable fly, and he bit remarkably t jo, even more viciously

than ordinary tsetse. At this time buffalo were close by the locality

I name. This is the only occasion on which I saw this species, but it

was extremely plentiful and gave one no peace.

Fl.Y-BET.TS OF Mli TRAVERS ’ M.VP.

Xo. 1.—This is composed of three separate patches:—
(a) West, on Tsirigoul Spruit, centred on Ross Xo. 917.

(5) Intermediate, on Hluumi Spruit, centred on Nederland
No. 823.

(c

)

East, on unnamed spruit, centred on Ceylon No. 750.

No. 2. —West of the Ubabate, centred on Jaeobushoop No. 851.

No. 3.—At headwaters of the Massintonto, centred on Welver-

diend No. 414.

No. 4.—On the Massintonto, overrunning Jenkpeulhoek No. 855,

Dargai No. 403, Imlay No. 345, and Gowrie No. 348.

No. 5.—At headwaters of the Zand or Mandhlamare, overrunning

Ludlow No, 1258, Allendale No. 279, Roll No. 276, Edinburgh
No. 266.

No. 6 .—On the Massintonto, on east part of Troyes No. 830 and

west part of Besancon No. 1250.

No. 7.—On small affluent of Sabi, on east part of Venetia No. 833

and west part of Strangersrest No. 931.

No. 8 .—On Sabi and affluents. Extends down Sabi from railway

bridge fo vicinity of Hobo’s Kraal on farm Rome No. 940. Tbe areas

more or less involved are:—
(n) Sabi north bank: Sabibrug No. 63, Zamenleup No. 66 ,

Glenend No. 713, Campbell’s Hope No. 213, Sardinia

No. 1249.
•
(b) Sabi south bank: A strip about one to two miles in depth

opposite farms on north bank.

(c) Zand: Teulon No. 729, Charleston No. 719, Dudley

No. 720, Flockfield No. 413.

(d) Mushlamu Spruit: Egypt No. 730, Prairie No. 712,

Albunen No. 984.

(e) Manzindlovo Spruit : Elandsdale No. 385.

(/) Unnamed spruit: Legerstee No. 632.

No. 9 .—South of Massintonto, east of Lebombo (Nuamolongo of

the Portuguese Map, 1903).
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Appendix C.

NOTES ON THE RUSTENBURG DISTRICT.

By tlie Rev. W. Behrens, Betkanie Mission Station, Rustenburg
District, 24th of April, 1923.

. My late father came here in 1864, and I in 1869. I arrived in

South Africa in 1857, and am resident missionary here since 1880.

I could tell you much of the past sixty years of South Africa;
nevertheless, I would not have been able to answer all of your questions
if I had not, fortunately, had the help of two old native men of

my congregation who are between eighty and ninety years old, and
know the Rustenburg District down to the Motlhabatse River. •

The following are the answers to your questions :— _

1. Linkling River.—The Elands is not called Linkling, but Kge-
tikeng. By this name it is known by all the natives of this district.

2. Macliachocan River.—This is perhaps the Machotlhoane, a

small river beyond the Pilaansberge.

3. Pylko'p.—There are two conical hills west of Ramakoksstad
which are called Pylkop. The old men say that the Griquas neven
came into this district, and so they could not be slaughtered by the

impies of Mosilikats. Fighting, they tell me, took place only in the

Free State, at Yegkop or Alleenkop.

4. Vliegkop.—-No one appears to know Vliegkop. However, a
native says there is such a kop near Rasai’s Kraal, which is between
the junction of the Aapies and the Crocodile and the junction of the
Aapies and the Pienaars. [This is the Vlieg Kop shown on Wylde’s
-Teppe’s, and Trove's maps, in the neighbourhood of Flink zvn Drift

No, 119.—C.F.]
‘

5. Vlieg Poort.—My cousin, Kommandant George Behrens, tells

me that, after traversing a stretch of wide flat country, the Crocodile
breaks through a mountain range. This is the first Ylieg Poort.

Then you travel about one outspan and come to a second range of

mountains through which the river again breaks. This is the second
Vlieg Poort. But the two, so to speak, are one. Our old men say
that in the years 1870-1880, when they went down to hunt on the

Motlhabatse, tsetse still abounded at Ylieg Poort, and they bad to

trek the night long through to get through the belt. At that time
the flies were also on the Mokolo hills.

Mural Mountains.—The Moralo Mountains do exist. My old

native says he was at those mountains, and the range gets its name
from a tree which bears a fruit quite like an orange and as large.

[Strychnos spp.—O.F.]. This moralo fruit grows nowhere but on the

Moralo Mountains. My old native adds that it would have been quit©
impossible for Harris to have seen these mountains from Commando
Nek, as they are too far away. From Commando Nek one can only
see Rainakoksberge, Pilaansberge, and but one outstanding and
highest peak of the Rooiberg.

Mosilikatse’s Kraal.—The old natives state that the chief’s kraal
was here at Betkanie (Tsopane). He also had one at Mosilikatsnek
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and another on the. Elands or Kgetlheng. Mosilikats, they say, fled

from Bethanie on hearing of the coming of Dingaan, whose regiments
passed through this district and followed Mosilikatse to the Marico.
Many of the subjugated natives also fled. The great sub-chief, Man-
dabole, was in charge here at Bethanie before my father arrived in

1864. The eastern part of Bethanie still goes under that name.

Copainc .—Maybe Harris called this place by this name. The
little stream to the north of Bethanie still goes by the name Letsopane
or Tsopane. [The original Kapain or Copaine still finds its place on
the maps. The name may have been transferred when Mzilikatze
moved to Rustenburg.—C.F.]

Game and Fl/j .—According to my old native, when Mosilikatze’s

kraal was here at Tsopane, giraffe, koedoe, buffalo, wildebeeste, rhin-

oceros, etc., were still hereabouts, and on the Crocodile ( Oli) River
there

.
may have been a few tsetses, but none worth mentioning.

Tsetse, however, existed where the Aapies joins the Crocodile. When
the Biers took possession they decimated the large game, and it dis-

appeared, moving farther and farther to the north, and the tsetse,

with it, always following.

When I came here first (1869-70) men of our congregation used
to trek down to the Motlhabatse (Matlabase of maps) River and flats

with their wagons on. hunting trips. They would stay away about

two months and bring back horns, hides, biltong, and tallow. From
the last we used to make our candles for home, school, and church.

Sometimes, I remember, they came back with several oxen struck by
fly. These would get poorer and poorer, and die after the first rain

fell on them.

The fact is that tsetse disappeared with the large game. When
I came here first. (1896) I only saw a few koedoe, nothing else, not even

ostriches. These are coming back now. I have sixty on my farm
and about fourteen phala buck.

Tsetse .—As far as this word is concerned, I can say from my
knowledge of the language that it is the real and generally known
name for that fly. The “ e ” is pronounced like the “a ” in

“ name.”

Place names, etc .

—

Limpopo or Crocodile River: Oli.

Hex River : Matsukubyane.
Elands River : Kgetlheng.
Pienaars River: Moretele.

Aapies River : Clioane.

Marico River: Malikoe.
Pretoria : Clioane.
Rustenburg: Tlhabane.*
Magaliesberge: Kamed after Chief Mogale.

There are many corruptions of native names
;

for instance,

Magaliesberg should be Mogalesberg. Then there is the case of the

Selous River to the west of Rustenburg. The Boers called the chief

Selon, whereas his name was Seloane or Maseloane, and so it goes on.

* In the word “ Tlhabane’
T

is probably to be found the origin of “ Cashan ” as applied

to the Magaliesberge by Harris — C. F
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Appendix I).

TSETSE IX ZULULAND.

By Sir Charles Saunders, K.C.M.G., Melmoth, Zululand.

The attached copy of an extract from a letter written by myself
in June, 1915, on the subject of tsetse in Zululand, seems to answer
your questions so far as my own experience and observations are

concerned. I have no reason to alter the opinion then expressed,
which was arrived at after years of mature and careful consideration.

I was njt aware of what you say about the western Transvaal,
and it would be interesting to know whether the disappearance of

tsetse in that region followed that of the large game, as, if so, condi-
tions there and in Zululand would appear to be similar.

Extract .—The history of nagana since what is known as Zulu-
land became a British possession in 1887 can, without fear of reason-
able contradiction, b© summed up as follows :—Previous to this, natives

were in an unsettled state. They were dependent to a large extent
on game for food, then protected by no law. In consequence of this,

at the annexation, but little large game existed in this country
(excepting in uninhabited localities like the junction of the two
Umfolozi Rivers, the Hluh luwe and Mkusi Rivers). So far as is

known, nagana and the tsetse fly existed nowhere except in these
small areas.

One of the first measures adopted after the annexation was the
law for the preservation of game, particularly the larger varieties.

Rapid increases naturally followed, and game animals spread to parts
where they were not found when the country was taken over. With
the large game, nagana and tsetse fly spread and increased in a corre-

sponding degree. In a few years it was realized that measures must
be taken to counteract the evil. Then followed the exhaustive inves-

tigations of Sir David Bruce. These were ably conducted with every
facility in the way of funds and means; they extended over two years.

What was the result? It was proved beyond question that nagana
was to be found only where tsetse fly existed, and that the latter was
only traced to parts frequented by large game.

The British Government then placed this valuable report in the

hands of that world-famous African authority on everything apper-
taining to game, viz., E. C. Selous, and invited his criticism, His
response was much to the point, and in effect, that the Zululand
Government had spent some thousands of pounds and much labour to

ascertain what every old hunter and trader in Africa knew long ago,

i.e.
“
that nagana was produced by tsetse fly, which was only found

where large game existed.”
Following this, steps were taken by the Government to reduce the

large game, at least along routes that had to be traversed by domestic
animals. Whether the measures adopted were the best and likely to

be effectual is hardly a point, but the necessity for combating the evil

and facing it is undoubtedly one. About this time (1890) the invasion

of rinderpest occurred, and in less than a year swept off all but a very
few specimens of the several varieties of large game, notably buffalo

and koedoe, so much so that the number remaining could easily be
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located in a few isolated localities. What was tlie result? Nagana
absolutely disappeared and tsetse could only be found in very small
numbers where the few surviving buffalo and other large game
existed. This assertion is made with absolute assurance, as from the
year 1897 to about 1904 I traversed what used to be the worst districts
infested by nagana and tsetse fly, over and over again, spending days
and weeks in those parts with large numbers of animals, including
cattle, horses, and dogs, and never had a single animal affected.
Moreover, during the whole of that period I only saw one tsetse fly,

and that was above the junction of the two Umfolozi Rivers, to which
place I had gone for the special purpose of procuring specimens of
the fly for Sir David Bruce, who was then continuing his investiga-
tions into the subject in England. Although several natives accom-
panied me on this occasion, and were daily in search of the insect, not
a single specimen was procured. The only one I saw escaped, and it

may be of interest to mention that this specimen was found in the
lair of a buffalo just disturbed.

After the invasion of the' rinderpest, stringent measures were
revived for the preservation of the remaining game, “with the result
that it soon began to increase again. At first slowly until about the
year 1905, but from that year more rapidly, and nagana once more
made its appearance, spreading from one locality to another, outside
the game reserves with the large game, and has gone on spreading until
the present critical position has been reached.

Appendix E.

THE FLY-BELTS OF ZULULAND.

( Regarding a letter and map bp the late F . Toppin relating to Glossina

pallidipes in Zululand.)

Up to the outbreak of the late war, the late Mr. F. Toppin lived

at Ngxwala Hill, in the heart of the fly-country of Zululand. He was
well known as a field naturalist and as one who came almost daily in

contact with the native fauna and tsetse.

Toppin’s map is drawn to a very large scale,, and is at present

preserved in the Durban Museum. The main features of this map
are to be found depicted upon the composite map which accompanies
this note, the north and south boundaries being indicated by the

interrupted lines marked “ F. Toppin’s North Line’ and “ F.

Toppin’s South Line.”
As regards the distribution of tsetse in that part of Zululand to

which Toppin’s map relates, I believe the demarcation of the areas to

be accurate in the sense in which the author meant them to be; that

is, they represent the areas wherein he actually saw fly. They are, if

anything, on a conservative basis, as Toppin did not make any inten-

sive search for the insect, by the aid of living bait for example.
_

The map bears the following legend :
“ Showing localities in

Ubombo and Hlabisa Districts where Glossina pallidipes has been

observed to exist by F. Toppin, 1912,” and in the fly-country the

faunal associations of the different localities are set out in a very
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meticulous manner. From these we find the fly-country covering the
valleys of the Mkusi and its main affluent, the Msundusi, as apart
from four or five species of small antelope, shown as inhabited by
impala, inyala, waterbuck wildebeest, warthog, zebra, and black
rhinoceros. The valley of the Hlulilwe Itiver is shown as inhabited
by waterbuck, koedoe, buffalo, and black rhinoceros. "The valleys of

the Black and White Umfolosi Rivers are shown as inhabited by
waterbuck, koedoe, wildebeest, buffalo, zebra, and black and white
rhinoceros.

IX.

The Fly-belts of Zululand.

The densely shaded area represents that part of Zululand which lies over 3,000 feet above sea-level.
All the fly-country is below 1,000 feet in elevation. The dotted area shown as the south extension was
not charted on Toppin's map.

Among Toppin’s correspondence is a paper with his replies to the
fifteen original questions propounded by the British Museum. This
is dated 12th April, 1912. The following is a synopsis:—

“ Only Glossina pallidipes has been collected, and no other species
has been observed. The bite of this tsetse is very painful. It is

exceedingly voracious and fills itself to such an extent with blood
that it is unable to> fiv. When knocked off, il falls to the ground and
clings to the grass. I have never found tsetses in quantity near to
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water. I have often searched the banks of the Mkusi River, but have
never come across more than an odd specimen or two in one place.
To catch tsetse I take natives and wander about until I come upon a
herd of wildebeest standing in the shade

;
we frighten the wildebeest

away, and then go and stand under the same tree they have left. Xo
sooner do we arrive than the flies come and settle on the natives and
my khaki trousers. I have sent you sixty-five flies; all these were
caught in under twenty minutes. The tsetse prefers shade to direct
sun.”

Extracts from a letter addressed by F . Top pin
, \g,cicala Hill. Ubombo

District, to E C. Chubb, Durban Museum, 31s£ March, 1912.

“ I shall be pleased to get you all the flies that I can. I regret
to say at present that I have none on hand, having sent the last lot

away to Mr. Wager, of the Transvaal University Colleg-e, just the
other day.*

Nagana is very bad around here at present, over seventy trans-

port animals having died since the new year. I tell you candidly that
in my opinion the sole cause is the great increase of big’ game, which is

now migrating to fresh pastures. Since I can remember, the coast

road in northern Zululand was absolutely free from nag’ana, as was
also the middle (stables) road to Ubombo. The middle road lias now
been closed owing to nagana.

“
I have been collecting- tsetse since 1904, and I find that the fly is

only active during the hottest parts of the day, and as a rule stops

feeding in the early afternoon. It is found in all sorts of places; my
labourers often catch them in the open fields, at least a mile from the
nearest water.

“ On this estate there are quite a large number of the small black

rhino. Often I will find tsetse in my house, and sure enough should
I take a walk around I will put up a cow and calf rhino, quite close to

the house. When a rhino, is not about then there are no tsetses.
“ Personally, I think game preservation in Zululand is becoming

a mania instead of a science. I am sure that the new Game Ordinance
is not conducive to the preservation of game. Formerly, there were
two large game reserves in Zululand—one between the Black and
White Mfolozi Rivers and one at the Amanzimbomvu—now a third

has been proclaimed in the Ubombo Division. Has it ever occurred

to you at what a rate the vermin, viz., jackals, hunting dogs, mun-
gooses, porcupines, etc., are increasing in these large uninhabited

game reserves, and at what an alarming rate the smaller antelopes

and game birds are disappearing?
“ During the whole of my time in Zululand I have never known

any attempt being made in the reserves to get the upper hand of the

vermin which preys upon the smaller antelopes and game birds.

"My life for the last eight years in Zululand has been mostly

spent in collecting' natural history specimens for various institutions in

Europe, consequently I have wandered a great deal about Zululand,

and have spent lots of time in the wildest spots. Being a keen

observer and a naturalist, I have had an opportunity of studying the

game problem thoroughly. I take it that game preservation means
preserving game on a scientific principle, in large park-like reserves

people can rdsit and see the animals in a natural state.

* One of these is now in the collection of the Division of Entomology, Pretoria.
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“ Game is allowed to wander outside the reserves at will. I heard
a short time ago that two rhino, were seen near to the Dukuduku
Bush. These were then over 20 miles from their home.

“ Too much is taken for granted. Game preservation is a mania
with a lot of people, and J find that those that do all the shouting
know the least possible about- the subject. No thought whatsoever is

given to game preservation as it relates to eradication of disease or to

economic entomology. . .
.”

Appendix F.

NOTES AND EXTRACTS FROM CORRESPONDENCE.

1.

—

E. IF. Loire, Esquire, Sub-Native Commissioner, Blaauwberq

.

“ The one place the old natives definitely recognize is the Mad-
lala Pan. They say if is the ‘ Letslie la Madale ’ (pan of Madale),
about half-a-day’s journey east of the present location of Selika, in

the Waterberg District. This would place the pan about fifteen

miles from Selika’s. None were able to locate the Maclzalana River
nor knew the name ‘

Siloqnana.’ There is a river called the Matatjoe,

between Schimmelpaard Pan and the Magalakwin, running through
the Mojola Hills; here they say tsetse used to exist. The Mojola
Hills run west from the Magalakwin over the farms Oatlands, Zoeten-

dalsvlei, and Boston.
“ There is also a hill called Matshu, and near the junction of the

Palala and the Limpopo, where tsetse is said to have existed. This

is to-day the hill of Selika, but previously, twenty-five and thirty-five

years ago, Selika lived under the Mapa Mountains, on the west of the,

Limpopo. The Mapa were known as the Mountains of Selika.
“

It appears from the statements that tsetse and buffalo went
together, and that the fly was known about the Malaboch Mountains.

Mention of tsetse immediately caused them to speak of buffalo ; they

apparently considered that tsetse existed where buffalo lived and went
when the buffalo moved to the north-west.

“The old men speak of the fly in a very general way; none of

them has been able to name definitely any particular locality where he

knew fly to exist. They say that the fly was known along thei Magala-
kwin River and down the Limpopo Valley. When I asked which
particular part of the Magalakwin, they replied in a general way,

saying to the north and west of the Blauwberg Mountains. Apparently

the fly did exist along the river valley itself, but it is doubtful if it-

came up as far as the, mountain range, at any rate in the lifetime of

these old people. Some say that it lived where the buffalo and rhino-

ceros were to be found
;

others, wherever big game existed, naming
also the elephant and the giraffe ;

all, however, name the buffalo.

“ One old man who recollected events which occurred in the

northern Transvaal in 1862, said the fly was found only by hunting
parties; that it did not exist on or to the south of the Blauwberg
Mountains. He had seen the fly and was able to describe it. He
related that the fly did not attack native stock, but only the oxen of

European hunters; this is probably to be explained by the fact that

native stock was not used to go into the fly-belts on hunting expedi-

tions. He said the disappearance of the fly was a gradual one; that
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it moved with the game as the latter went northwards away from the
hunters, armed with rifle and powder. He thought that it was the
fear of the rifle which really caused the big game, and with it the fly,

to disappear.
“ Another explanation of the gradual disappearance was one I

have not heard before,. This man said that some years after the * Aman-
debele ’ invasions, those under Moselekatze. the natives abandoned the

practice of living in large villages, in which they had up to then
congregated for protection against invading tribes. They settled in

smaller communities, spread over wide tracts of country, as they live

to-day, as the fear of invasion had passed
;
or because, as I think, the

coming of the white man had brought security against such invasions,

so that they could safely live in smaller and more dispersed com-
munities. This spreading of the people disturbed the game, which,
becoming timid of the presence of man, moved away, and with the
game the tsetse went. This explanation is really very sound and
reasonable; probably the two causes, the coming of' the guns and the

diffusion of the natives, will give the real reason for the disappearance
of the tsetse.

“
I fear this information is not of scientific value. The younger

generation of natives hardly know of the tsetse. Many of the older

ones are confused in their memories and recollections, so that informa-
tion of this nature can only be of a general kind. The tsetse as a

rule brings up the recollection of the herds of game, and from that

it is an easy step for the old warrior to recall his hunting exploits,

forgetting the main point of the questioning.” (13th April, 1923.)

2.-

—

E. Tamson, Esquire, Nylstroom.
“ In 1880 there seems to have been fly in the (mopani) bushveld

beyond Zandrivierpoort down to the Limpopo. I do not remember
hearing of much loss of cattle. The farmers, knowing where the fly

was, never trekked till they shot all the game away. When, in 1882,

I trekked into Rhodesia I struck the fly only near Zimbabwye Ruins
and had to turn back

;
thus Waterberg and Zoutpansberg must have

been clear in those days.
“
If you had asked me these questions last year I might have got

some information from old Pretorius, who died lately, over 100 years

old.” (15th July, 1923.)

3.

—

-John Jack, Esquire, Pretoria.
“

I have learned that a fly-belt was found on the lower Steelpoort

Valley where that river joins the Olifant. Another patch of fly

occurred at Flypoort, where Berspruit joins the Crocodile, about 80

miles from Rustenburg.” (20th June, 1922.)

4.—Granville Nicholson, Esquire, Zoutpansberg .

“ There was a flv-belt along the Letaba from the Tsama to the

Tinde (Tzende), five hours on horseback (30 miles). Beyond the Tinde

black turf and open country is met with to the Rooirand (Lebombo).

Flv was last seen here in 1894. The fly disappeared with the

buffalo.” (June, 1922.)

5.—Commandant Geyser, Nylstroom.
“ Tsetse was last noticed (in the Waterberg) in 1888. The flies

probably disappeared because their hosts, the buffaloes, went north.”

(8tb March. 1923.)
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6.

—

Mnr. G. A. du Plessis, Zoutpansdrift, Rustenburg District.
‘‘ I first met fly at Buffelsdraai No. 48 (Donkerhoek, Zwartlioek),

where the Aapies River joins the Crocodile. This was in 1870. I

never heard of the fly on Zoutpansdrift No. 359. As far as I can
remember, I met with fly at Vliegpoort and three farms up the
Crocodile from Zwarthoek. The reason why fly disappeared was, in

my opinion, due to it being* a game (i.e. buffalo and giraffe) fly, and
from the moment these animals moved north the fly disappeared.
The big game constituted the daily food of the voortrekkers and
mo\ed off because it was hunted.” (23rd March, 1923.)

,
7.

—

B. H. DicJee
,
Esquire, Pietersburg

.

“ There was up to 1892, with certainty, a tsetse-belt near the
Singwidsi River, more or less on the boundary of the Game Reserve.
The Messouw, or Masjoe, River must be the Klein Letaba, because
Masaokop is near that river. As the kop has the name of a native
chief, it may* be accepted that the river had the same name in 1837.
If Trigardt wanted to go east from Pietersburg to get to Delagoa Bay
he would have to take the now old hunting road which crosses the
Klein Letaba near Masaokop.” (Pietersburg, April, 1923.)

8 .—Major F. C. Garbutt, Resident Magistrate, Selika.
“ The mountains of Selika are named Nwapa, pronounced Gaupa.

There are two small koppies practically on the north banks of the
Limpopo, between Everitts Drift and the junction of the Lotsani,
named Ramabelebele. The Baraang’wato Mountains are undoubtedly
Shoshong Mountains, Chief Khama’s village prior to going to Palapye
about forty years ago. The Matclioliong are a tribe who formerly
inhabited the country north of Shoshong, and originally came from
the northern Transvaal. They now live in the Districts of Sofala and
Lerala, shown on the map as the Chopong (pi. Matchopong Hills).

“ I have been through numerous flv-belts in N’Gamiland, where
I spent twelve years, and I had to travel through one of twenty miles,

almost every month for two years, between N’Gamiland and Kazun-
gula on the Zambesi. Strange to relate the fly only appeared in this

area after the extremely heavy rains experienced in 1909, which filled

up the dry beds of rivers that had ceased to flow. The belt increased
from five miles the first year to twenty miles in 1918, and I was told

recently that it now extends right into the Mababe Flats (Selous’ old
hunting* ground). In all the, fly-belts in N’Gamiland, buffalo, are to

be found, but there are also several parts of the couutry where
buffalo are numerous and no tsetse occurs. In the Caprivi strip, for

instance, there ore several herds of buffalo, and the tsetse is unknown.
On one occasion infected cattle were brought out of a fly-belt and
placed in a clean area on the south bank of Lake N’Garni. The
following year cattle in this locality commenced to die of fly disease.

There were no morsitans in this district, but a species of biting flies

conveyed the disease.
“ The climate of the Limpopo, in my opinion, would be too cold

to be a serious menace, but there is ample undergrowth, ideal places

for the morsitans. I think it very unlikely that Gordon Gumming
found fsetse at Nwapa, as Selika had cattle-posts in the neighbour-
hood at that time. It is possible Gordon Cumming purchased his

oxen from natives, and they were already infected. Natives are very
fond of getting rid of cattle that have become infected before the
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symptoms became too noticeable, and I have known Europeans do the
same thing. The symptoms are swelling under the dewlap, and 'the

blood becomes watery and the animals fall away in condition.
Perhaps the range of hills named ‘ Morati Berg,’ near the Seruruame
Valley, which runs into the Limpopo near Sass’s Post, is the Massama
Hill on the border of the Bamangwato and the Bakhatla Reserves,
and about ten miles from the river.” (12th April, 1923.)

9.—A. L. Hall, Enquire, M.A., F.G.S., Geological Survey, Pretoria.

Mr. Hall, to whom I owe the loan of most of the photographs
appearing in this article, lias kindly furnished me with the following
description of the eastern low country, through which Trigardt
trekked after crossing the Drakensberge :

—
“ When not relieved by isolated kopjes or ranges, of which the

peculiar rugged slopes strewn with huge spheroidal boulders of granite
are highly characteristic, the eastern low country presents a mono-
tonous aspect over a vast and thinly settled expanse of Lush country.
Nearly the whole is covered by a practically continuous mantle of

vegetation, characterized by low trees. Distinctive features are the
prominent undergrowth, the uniform distribution of the trees and
the markedly more luxuriant vegetation along the river-courses.

Along the banks of the larger rivers like the Olifants, Selati, and
Macoutsie an extremely dense undergrowth of reeds sometimes renders
the edge of the water almost inaccessible. Close to the foot of the
Drakensberge the vegetation is still more or less like that of the bush-
veld proper in the central Transvaal (e.g. abundant in species of

Acacia), but farther towards the east, wild palms begin to appear;
still farther east, the Acacia facing is gradually replaced by Mopane
forest. Apart from the very few more or less permanent water-

courses like the Olifants and Selati Rivers, there is hardly any surface

supply; east of the Selati railway the country, especially beyond the
Palabora, is very dry and practically uninhabited.” (May, 1923.)

10.

—

Dr. Percy A. Wagner, Geological Surrey, Pretoria.

Concerning the two photographs illustrating
“ The Vliegpoort

Mountains,” Dr. Wagner, who supplied them, has kindly furnished

me with the following remarks:—
“ The upper is the view looking westward along’ the southern

barrier range athwart the Vliegpoort area, with portion of the Vlieg-

poort range showing in the background. The Crocodile River is seen

in the middle distance near the point where it pierces the range in

Buffelspoort. The southern slopes of the range, here shown, support
but a scanty growth of trees and scrub. The northern slopes, on the

other hand, are in their upper portions covered with a dense growth
of almost impenetrable scrub, to which numerous lianas impart a

jungle-like character. This scrub descends to the river level in the

poort. The same applies tc the northern range, which is somewhat
higher, attaining in Sovereign Hill an elevation of 4950 feet, whereas

the southern range at its highest point has an elevation of 4460 feet.

The level of the bed of the Crocodile River in Buffelspoort is 3024
feet.

“ The lower is the view looking north from the crest of the

southern range (on Wachtenbietjesdraai No. 829). It shows the

northern or Vliegpoort range in the background. The park-like

country between the northern and southern ranges, shown in this
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photograph, according to the testimony of an old resident, Yan
Rensburg, at one time teemed with big game, including buffalo and
quagga. Except for koedoe, which are still fairly numerous, the big
game has been exterminated. The dominant features in the vegeta-
tion of the park-like country are the fine examples of aapiesdoorn
(Acacia BurLei). These are also found on the terraces bordering the
river, together with Acacia karroo, (Joinbretwin riparium

,
and Zizi-

' phus inucronata.” (May, 1923.)

11 .—Major T. G. Trevor
,
the Inspector of Alines.

“
In the year 1887 tsetse was still to he found at Schimmel Paard

Pan, in Koedoes Rand Ward; but, speaking generally, there was none
between the Zoutpansberg and the Blauwberg, or along Brak River

( cf . Appendix A). One could trek right through to the Limpopo
River. In that year, however, I saw fly-struck cattle from north of

the Limpopo, and both fly and buffalo were to be met with behind the
Zoutpansberg, east of where the railway runs from Zandrivierpoort
to Messina. In the far north-eastern corner of the Transvaal, where
there is some wide open grassy country, there was no fly, and many
natives with cattle lived there. I remember that up to 1890 fly was
abundant at Louw’s Creek, and buffalo also inhabited that area. In
1891 I saw nothing of fly at Pongolapoort, Zululand, just south of the
river, nor was there any fly at Mohaslies, on the Lebombo, lat. 26° S.

But there was a point between Mohashes and Pretorius Kop which I

can remember passing at night on account of fly, though I do not
remember the exact spot. In 1893 I did not encounter any fly on the
road to Victoria, via Middeldrift, nor from (xondoque to Belingwe.
Lower down the Bubye River, however, fly was said to be,

so we went there without cattle. On that occasion, 1 went
some fifty miles down-stream from Zimbabwe, but again with-

out cattle. The connection between fly and buffalo was
regarded as certain and unassailable by all old hunters and
travellers whom I met there, and from my own experience I

should say that it was an intimate one, as so far as 1 know, where
there were no buffalo there were no fly. Wherever I found fly it

was always in the neighbourhood of dense tangle bush such as is

only frequented by buffalo among the bigger game.” (27th April,

1923.)

12.

—

L. C. von Wissel, Esquire, Hiuti, Swaziland.

I should not be at all surprised to hear there was fly along the
Maputa to the north-east of Nduma, as I have lost cattle through
shifting them from one part to another. There are parts, too, where
the natives never keep their own cattle owing to them dying. Before
rinderpest, Mr. John A. Major, living near Stege (lat. 26° 25 7

,
long.

31° 55'), on the, Lebombo, in Swaziland, complained of nagana gra-
dually working up the eastern slopes of the Lebombo, to my distinct

recollection. From the oldest resident in this district, Mnr. M. van
Staaden, Vlakhoek, Dwaleni, I have heard that, in the old days, there
used to be nagana below Hiuti, on the little Isitilo River (lat.

27° 15', long. 31° 42'); hut it disappeared with the shooting of the
game by the Boers. To my own knowledge, tsetse used to be prevalent
along the Silati railway line close to Komatipoort upwards. Since
rinderpest, I hear nagana has disappeared from there. (17th May,
1923.)
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13.

—

Trigardt' s Trek from the Drakensberge to Dclagoa Bay, 1838.

The interest attacked to an understanding- of the route taken
by Trigardt lies not only in an attempt to locate tke fly-country lie

passed tkroug'k, but also that which he avoided. His diary makes it

quite clear that fly was encountered to the immediate east of the
mountain range, and, for the rest of the way, was generally avoided
except at the kraal of Halowaan in Portuguese territory.

My sketch-maps are based upon Mnr. Preller’s interpretation;
but it is possible that the section of the route from the Drakensberg-

to the bank of the Incomati was quite different from that indicated.
Admittedly, the route must always remain problematical. For a
variety of reasons, however, 1 am inclined to think that the expedi-
tion forded the Olifants west of the junction of the Blvde River, and,
after crossing the Blvde, arrived at the headwaters of the Klasarie
and Umbabat. From hereabouts the course shaped north-east by east,

crossing the low Lebombo hills not far south of the Olifants; then
on towards the meeting of the waters of this river with those of the
Limpopo. From some indefinite point hereabouts it turned south
and followed along the Manzinchope to the Incomati. This is a very
different route from that shown in the sketch-maps, and calls for
some explanation.

Although Trigardt was careful to set down in his diary the
names of the native chiefs he met and the native names of rivers and
rivulets crossed, he nowhere tells the direction being- travelled. The
words north, east, south, and west are conspicuously absent from the
record. Of the three dozen or more native names so given, it is hope-
less—as far as both old and recent maps are concerned—to recognize
more than several with any degree of assurance. These are Sekororo,
Comati, and Maratkwijn. That this should be so is not at all remark-
able. In the first place, it is inconceivable that Trigardt conversed
directly with all the natives he met, but rather through his own native
attendants speaking Sesutu. Thus a name would often reach him
already perverted in the mouth of an interpreter, and then be set

down in a corrupted form. Therefore a generous allowance must be
made for permutations and corrupt renderings. Since 1838 there have
been many migrations by the natives of the region Trigardt passed
throug'h. These migrations began well before the period of the trek
witli the advent of Manukosi and his Zulu hordes; and, in Tiigardt’s
day, two languages were commonly spoken : the mother tongue—in

five or six dialects—of the conquered and the Zulu of the conqueror.
In later days Maguamba migrations became very general, especially

during- the six years’ war of succession that followed Manukosi’s
death. So it comes about that, even if the name of the erstwhile chief

be recognized in that of a descendant, it does not follow that the
kraal-site is now the same.

Equally, little dependence can be placed upon the names of rivers

as Trigardt obtained them. That of the Chobe River in Rhodesia
furnishes a good example, for Selous tells us this was acquired from
the simple fact that where Livingstone happened to strike the river

a chief named Chobe lived. At that particular point it was “ Chobe ’s

River.” Every river of any length had many names, or names that

sounded quite different owing to permutations.
As the three names—cited as readily recognizable—mark the

beginning and the end of the trek, one is inclined to make the route

more or less direct from point to point. But it could have been only
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indirect, as all progress was governed first by the necessity of giving
tlie widest possible berth to all the flv-country known by the native
guides, and second by opportunities for grazing and watering the
horses, cattle, and sheep.

Chief reliance has to be placed upon the number of treks recorded
from day to day in the diary. This brings us to the consideration of

the length of a trek and to the fixing of an average trek—in the lig’ht

of the nature of the country passed through, together with attendant
circumstances. Among the latter come some consideration for the
women and children

;
the preparation of food for fifty or more indivi-

duals; the feeding and watering of flocks and herds; the clearance

of obstructions; and the influence of many another factor involved
in the progress of so large and heavily laden a caravan through a
wilderness. The average trek would not therefore be more than
one of seven to eight miles.

Without question, the passage over the Drakensberge was accom-
panied somewhere in the neighbourhood of the present Sekororo loca-

tion, although in those day this was upon the mountain tops. From
the east of the great escarpment the expedition made a fresh start,

and in three treks, on three successive days, the “ Kaffir’s Drift ” on
the Olifants River was reached. It it hardly credible that these

three treks covered much country. It was on the 9th November,
1837, that the whole party set to work to make.a road up the western
slope of the mountain range; it was not till the 7th December that a
beginning was made to get the dismantled wagons down the first steep
declivity of the eastern face. This alone took three weeks, and it was
not until about the 14th January that attention was paid to the
making of a road down the rest of the slope. As this took the best

part of a fortnight, it follows that when a new start was made on
the 5th February the first trek, at least, was down a track already
cleared.

After fording the Olifants, the expedition reached another river

at the end of a short trek. This Trigardt named the “Bergen.’’ He
tells us the native name was “ Omtate,” that of the hill beyond
Omsana,” and that of the mountains “ Rammakoote.” When this

river was reached, a fordable place was sought, and then the trek

waited for the waters to subside. There are only two rivers to be

considered. One is the Blyde, the other the Klasarie. For the trek

to come to the Klasarie at half a day’s trek after crossing the Olifants,

it would first have to travel about fifty miles, as the crow flies, over
none too even nor open country before it crossed the Olifants. As
in the circumstances one cannot possibly imagine so rapid a progress,

the Klasarie is eliminated. Nor is it at all likely that Trigardt would
name this the Bergen River, whereas that name would be singularly
appropriate for the Blyde. These considerations lead one to the
conclusion that the Olifants was crossed west of the junction of the
Blyde; therefore it is not at all unlikely that ihe drift forded was
that shown on the boundary of farms Finale No. 163 and Portsmouth
No. 173. This being the case, the Blyde was probably crossed at the
drift shown on Moriah No. 1032; so hereabouts the latter-day track
from Preforms Kop through Aeornhoek to Leydsdorp probably went
over the same ground.

By following this course, the expedition would arrive at the
headwaters of the Klasarie and the TTmbabat, below Mariep’s
Mountain. Tf the direction taken from here had been south-east to



370

where the Massintonto breaks through the Lebombo, then, in a bee-

line, the forward movement of about 80 miles to the Lebombo was
accomplished (during ten days) in eight treks. And it follows that

half this distance, through the easier country beyond the hills, was
only accomplished in the following eighteen days, and took twelve or

more treks. Moreover, practically the whole of the route down the
Massintonto would be through fly-country.

It is for this reason that I think the trek went east by north from
below Mariep’s Mountain, and crossed the Lebombo hills but a little

south of the Olifants and then went on towards the Limpopo. The
mention of the Loasi (F Suazi) two treks east of the hills suggests
this; but what leads to confusion is an entry in the diary (10th
March) to the effect that a great river, the Motamhari, was flowing-

on the right hand, and that this river entered the sea on the right of

the fort at Delagoa Bay. But the probability must always remain
that this river was either the Olifants—in its lower course—or actually

the Limpopo, and that the entry was made on native testimony and
the native manner of speaking, in which case the river would be on
Trigardt’s left.

At the end of the fifth (or sixth) trek, after crossing the Lebombo,
the kraal of Halowaan was reached on the 10th March, 1838.
Unfortunately, the diary contains no entries, or these were torn out,

as regards the four subsequent days (11th to 14th March). On the
15th the Wiensaana River was reached, and along the course of this

seven treks were made to the “ Comati.” All the circumstances
point to this being the present-day Manzinchope, a name corrupted
from Amanzi Inhlope (white water). This being so, the kraal of
Halowaan might easily have been that of “ Umlanjane ” (Garman-
guana, Comajugane, etc.), near the Manzinchope, and about 40 miles
north of the Incomati. On these premises we may recognize Cuene
or Tcheguene in

“ Clewaan,” Massuducana in “ Maeodelana,”
Xinavane in “ Slawaana, ” Macia in “ Massaasie.”—C. F.

Appendix G.

TSETSE IX THE LETABA-SIXGWEDSI BASIX. XORTH-EAST
TRAXSYAA'L.

By B. II. Dicke, Esquire, Pietersburg.

Xote.

—

The region to which this account relates lies mainly along-

the Tropic of Capricorn or north thereof, between longitudes 30° and
32° East.

As regards place-names, the early Dutch settlers were, very care-

less, and different hunters or hunting- clans went so far as to give

different names to the same localities. “ Doop zoo maar zelf.” If a

native name was employed, it usually became corrupted out of all

recognition, especially if the word happened to belong to an unfamiliar

native language such as Siwenda and Siguamba. The same river

might be referred to by several names. The Groot Letaba, for

example, changed its name three times in a score of miles. This,

considering the topographical and wild conditions, is not surprising;
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and it was not until well in the ’nineties of the last centuiy that it

became generally recognized that the three names related to the same
river. Then, again, a river, already named, will be given the name
of a native chief. Thus the Limvubu is called the Parfuri after the

chief M’pafuri.

Beyond Mashaokop, after crossing the Mashao River (upper Klein
Letaba), there were no natives living on the flats in the time of Louis
Trigardt. The country was uninhabited, except for a few Bawenda
outposts on isolated, steep, and inaccessible koppies, such as Massia,
Magor, Marapoen (now Jaclitdrift No. 1821), and a couple more. Any
rand that was not easily defended was not occupied. The Mavenda
chiefs (Mamahila, Zuali, Mashao) hugged the mountains on the west.

The basin was a great game country, and must have been ideal for

fly: full of game, full of bush, and, in the rainy season, partly

swampy. Even as late as 1890 I have seen an occasional koedoe and
hartebeest on Mahone, waterbuck on Jacob No. 1804, and eland on
Lebanga (not Lepka, as on the map).

But the general condition became altered about the late ’sixties

of the last century when the Sliangaans (Maguambas) came in under
Albasini, occupied the flats, and exterminated the game.

In 1890 the fly had been cleared away to beyond Mosmzi, just

east of the Tsama River (about long 31 E.). The last natives to be

met with thereabouts, when travelling east, were to be found just this

side of the Ellerton Mine (long. 30° 30'). But in November and
December of that year, owing to the first Modjadje wai, there was a

great exodus of Maguambas from Modjaelje’s territory. These were
settled along the Klein Letaba towards the Birthday Mine and east-

wards thereof (long. 31°). Among' them was the powerful induna
Ingobi. Ingobi was very enterprising, and his tribe contained a lot

ol good hunters. He supplied the Banyan smugglers with carriers,

and smuggled on his own, not only soft goods, wire, and beads, but

also guns and gunpowder. I think it was due to these circumstances

that, by 1892, fly had been cleared away from Mosinzi and the Byasis

Rivers-—where it had been very bad—to as far as the lower Singwedsi

and Tsende Rivers (long. 31° 300-

In 1893 I left those parts, so I cannot say what happened since.

I have stated the dates and the localities most carefully.

I paid no particular attention to the nature of the fly-belts, but,

from memory, I should say that alternating and thick rough thorn-

scrub would be the ideal. I somehow fancy the fly wants scrub for

sleeping and breeding, and trees shading open spaces to fly about in;

also moist ground. 1 would not describe the fly-belts as bosrande, but

on the contrary as bosveld. The impression may be created flint bos-

rande are identical with fly-belts, but I think, where fly is driven back

to bosrande, these are just remnants of fly-country; the reason being

that the last big game of such parts have taken refuge in the rande

because there they are safer from pursuit. It is to be remembered
that, whenever possible, the Dutch did their big-game hunting on

horseback, and horses cannot follow game into rande so readily-

—

especially when these are covered with stone and thick bush.

The game to lie found in that fly-country comprised sable, koedoe,

hartebeest, wildebeest, bastard hartebeeste, and a lot of eland. There

were some buffalo in the thicker bush. I never heard of any rhinoceros
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being shot in tlie years I mention. Elephant and giraffe weie mostly-
driven off into Portuguese territory. On the west of the Lehombo I
once saw giraffe, and once came across the fresh spoor of elephant.

It is my opinion that, in the Sabi Game Reserve, the fly had been
driven to its last trenches before the rinderpest. It must be
remembered that the game is more plentiful there now than it was
before the Anglo-Boer war, when the natives all had guns and all

went hunting.
The Kruger Government let out a contract for a road through

what is now' the Sabie Game Reserve, from Leydsdorp or thereabouts-

to Delagoa Bay. That was in the late ’eighties or early ’nineties. I

forget who got the contract, but the party, a practical Dutchman,
simply wrent to and fro with his wagon with heavy brushwork tied on
behind it. The wagon was drawn by oxen, so far as I have heard;
so, evidently that part was not so badly infested as the more northerly
territory. I know also that, about 1895, a certain Conrad Planje went
from Tzaneen to Delagoa Bay through the Sabie Rescive with oxen;
he did not complain about fly at all, nor did he lose any oxen. He
came back by the same route.

It was different in the country that is now the Singwedsi Reserve.
Here, as far as I am aware, it was all fly-country east of Mosinzi,
south of the Limvubu (Pafuri) River, just east of Sikundo Kop, and
down to the Byasis River. Farther than this I do not know the

boundaries of the fly in 1890-92. But this country was so badly
infested that only a few* wTent hunting there, even donkeys not being
safe. When I had a trading station at Koedoes River I bad a lot

of sickly donkeys, left behind by hunters, to look after. All these

donkeys died when the first rains came; if I remember rightly, cold

rains in September. The post-mortems showed yellow jelly patches
under the skin where they had been bitten by fly.

There was no such thing as trekking through that part, and no
one ventured in except with donkeys, leaving the oxen behind where
they were still safe. There were the Duvenage crowd who went yearly
into camp east of Modjadje Range, either at the Molondotsi
(Molototsi) River or at Patata Spruit, to saw kujat wood in the stony

ridges, and who went in farther with donkeys to hunt. They usually
avoided the country east of Mosinzi and at the Byasis. Most hunters
went farther down the Groot Letaba, or those from the Spelonken
(Kelly, Kloppers, Oelofse, and others) went into Portuguese territory

by way of Sikundodop (lat .
22° 4(V, long. 30° 46'), Tsaulo, Minga,

Makuleke. The Lehombo hills, where the Singwedsi goes through
and thereabouts, being higher country, seemed to be fairly clean, but
still unsafe. There were a few natives living there, but they had no
cattle, neither had the kraals near the border and the Limpopo. I

understood that Gungunyana had some cattle in the Bilene district.

But those natives bartered their women, as originally did all the

Maguambas, for kaffir picks. They only learned to lobolo for women
with cattle when they came and settled in the Spelonken. In the

’eighties a large portion of the old traders’ turnover still consisted of

bartering native-made picks shaped almost like a lotus blossom. The
natives’ hard-earned and long-hoarded cash all went in kaffir picks

;

cash earned at
“

Fillis ” (Kimberley Diamond Fields) and “ Camp ”

(Johannesburg Mining Camp) turned to picks to discharge their

lobola. Fly was the reason for this.
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Tlie kaffir picks liad a recognized standard value of 5s. each,
and, at this value, traders accepted them for goods supplied. Then,
when a native had earned the money to discharge his lobola obliga-
tions, instead of collecting single picks among his own people, he
went to the trader and bought his requirements (often up to. fifty

picks) with cash that otherwise would not have left its hoarding-place.

As regards the country north of the Zoutpansberg, I can give a
little information. In the autumn of 1890 I went with oxen from the

Zoutpan, beyond Mara, to where Messina is to-day, and as far as the

N’Gilele (Sterkstroom). There the natives had nice long water-
furrows, and I heard nothing of fly. Nearer the Limpopo then, and
years later, the Strydoms chased and killed wild ostriches and giraffe.

About 1892 the Reverend Mr. Beuster, of Sibasa Mission, went
by a road which he made himself through Tengwe’s to Victoria and
Zimbabwye, crossing the Limpopo at Malala Drift. As far as I know
lie went with oxen.

All through the late ’eighties and early ’nineties, natives went
about in the same direction bartering cattle in Manyai country north

of the Limpopo, and came back with them the same way. That does

not look like much fly being thereabouts. There may have been fly

lower down the Limpopo, but there, again, there was a heavy native

traffic passing through Makuleke from Manicaland, to and from the

diamond and gold fields.

EXPLANATIONS.

The bearings (latitude and longitude) cited are readings from the

smaller maps issued by the Surveyor-General’s Office, and are more
approximate than exact.

The elevations are from the more recent degree sheets or from
the Geological Memoirs of the Mines Department. Many are aneroid.

The names of rivers are, generally speaking, those to be found on

the official maps. The term Nylstroom is applied to the whole course

of the Maglialiquain or Magalaqueen, or Magalakwin, as I have not

been able to decide which of the three to adopt for the lower reaches

of river. Of the hundred and one “Zandrivers ” adorning the maps,
only that which flows north from Petersburg through the Zoutpans-

berge comes under special reference. The Crocodile River of the

Barberton District I have ventured to call the Eastern Crocodile

owing to the confusion that arises between it and the upper reaches of

the Limpopo that bear the same name in the Rustenburg District.

Farm names are given as they appear on the district maps. The
orthography, however shocking, stands good, as these are registered

names.

In the narrative, the name of Louis Trigardt is so spelled because

it represents the signature of the first pioqeer. It embalms his

personality, and should be retained even for the northern township.
The common, and so often expressive, Afrikander terms employed
have been modernized as far as practicable.
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ADDENDUM.
The Same Game Reserve.

Among' much literature that must have escaped my notice and
bearing more or less upon the disappearance of tsetse from the Trans-
vaal is one of importance published by Major J. Stevenson Hamilton
in the Transvaal Agricultural Journal, Vol. V., 190G-7, pp. G03-G17.
The title of this paper is “ Notes on the Sabi Game Reserve.” The
story ‘‘of the reincarnation of the old Sabi Reserve, originally
established in. 1898,” is delightfully told. The date of the reincarna-
tion is given as July, 1902. In the following year came the extension
of the reserve up to the Glifants River, and “ about the same time
another reserve was declared between the Letaba and Limpopo Rivers,
an area . . . seldom in the past visited by any except hunters and a
few prospectors. ... It had been very considerably, in some places
entirely, denuded of game by white hunters as well as by the native
population living in or close to it. . .

.”

The area embraced was that which has already been described
as the eastern low country, “ rising from an elevation of 400 feet,

just underneath the Lebombo Hills, to from 900 to 1,000 feet on
the western border's.”

Major Hamilton tells the faunal history of this country in the
following words :

—
“The native population is few and scattered; in recent years,

partly owing to the gradual desiccation of the country and partly
owing to the hunting being stopped, many have removed their habita-
tions to the more productive portions of the low veld. . . . Previous
to the inauguration of the reserves, these people contented themselves
with planting mere patches of grain and were, in fact, to a great
extent independent of what they themselves were able to grow, as
they lived on and by the game, trading the meat which they did not
require, together with skins, in exchange for various foodstuffs. . . .

Before 1899, the country under discussion was a little known wilder-

ness which white men never entered except during the four healthy
months, when hunters came down to lay in their summer store of

biltong and supply of skins and horns. . . . During the rest of the
year the land was given over to nature and the kaffir. Swarms of

natives from Portuguese territory would then come in and, secure

from interference, hunt to their heart’s content. . . . The game
was being rapidly killed out. . . . This had been going on in an
increasing degree for a matter of twenty-five years, or since the cessa-

tion of the Swazi raids.
“ At first the game was found to be in a far from satisfactory

condition; it was scarce, timid, and constantly on the move; a state

of things not conducive to an adequate increase of the species. Some
kinds of animals were on the verge of disappearance, and it was
possible to cover very large tracts of country . . . without seeing a
sign of life, not even a solitary spoor. The bush in such places

seemed ‘dead.’ Moreover, the carnivorous animals had not suffered

relatively to the game. . . . Consequently, the little disturbed beasts

of prey were found congregated in considerable numbers wherever
the game had collected in remote corners in order to be immune from
the hunters’ rifles—and, no doubt, a larger percentage of game was
being killed by them than would have been the case under ordinary
conditions. . . -
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At first there was a good deal of native poaching to contend
with, which was gradually suppressed so far as the Transvaal natives
were concerned

;
but the Portuguese border has still to be carefully

watched, as most of the natives there have guns. . . .

“ The natives actually resident in the reserve do little, if any,
damage now. Game is found grazing with confidence close up to the
kraals

;
the people, in fact, are g’etting accustomed to the habit of not

hunting. The effects of the early steps taken were not long in
becoming apparent. The game in a short time became more settled

in its habits, finding it could gi’aze undisturbed. Animals accustomed
to seek the shelter of the densest cover from dawn to darkness began
to come freely into the open. Water-loving animals, instead of

retiring far up the dry ridges during the day, as had been their wont
under persecution, were soon found resting under the trees by the

river-bank. The game began to return to its natural habitat.
“ At the present time, the really marvellous tameness and con-

fidence in man shown by the majority of the animals, both great
and small, is remarked by every observant visitor. . . .

“
All species of game within the reserves have increased and

done well in the last four years. Of course, several decades of ruth-
less destruction cannot have their effects nullified in so short a time,

and many rarer kinds of animals are still extremely scarce. . . .

Elephants have very tentatively begun to make their appearance in

some of their old haunts, but are evidently as yet by no means sure

of their welcome.”
This drawing-to-life, presented by so keen an observer as its

author, cannot fail to impress one. It shows very clearly how the
man armed with a gun, be he white or black, may profoundly alter

the habit of the wild fauna. In short, by a change of habit on the

part of the animal, the tsetse may be deprived of its food supply.

The parasite remains diurnal. The host becomes nocturnal in its

visits to or passage through the haunts of the fly, and the parasite is

starved.

Speaking more recent of destruction of game by natives, Major
Hamilton remarks, inter alia :

“
. . . I am far from saying the

native would not do his best had he the means and opportunity; but,

deprived to a great extent of arms as he is and unable to organize

the big drives of game, by means of which, previous to the advent of

the white man, most of the slaughter was done, he can never exter-

minate nor greatly reduce the game. The only places where game
could and would be exterminated by natives are the present game
reserves bordering on Portugriese territory, in which latter nearly
every native has a gun and are fast exterpating all the game on that

side of the border.”
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The Transvaal and its Surroundings, showing the approximate Routes of Pioneers and Hunters who recorded their encounters with 1 seise.
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[Photo by A. L. Hall.
The Drakensberge.

View of the Great Eastern Escarpment, south-east of Haenertsberge. Typical of the

enormous physical obstacles Trigardt had to contend with.

[ Photo by A. L. Hall.
The Drakensberge.

View looking northwards fiom south side of Olifants 1’oort
,
which lies directly

beyond the conical kop nearer the foreground. Down the footlnlls beyond the kop
Trigardt descended into the Low Country.



\ Photo by A. L. Hall.
The Olifants River

Or its way (from right to left) through the mountains. View looking westwards
from near the mouth of the M’Hlapetsi. The Trigardt Trek passed this point about 16th

October, 1837.

The Olifants River.
\_Photo by A. L. Hall.

View looking westwards up river from Maury Camp. In foreground with Acacia and

Mopane Vegetation. In this region Mauch (1868) observed tsetse.
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[Photo by I. B. Pole, Evans.
The Klasarie River.

View taken in the region where Erskine found tsetse in 1868.

[Photo by A. L. Hall.
The Sklati River, Palaboha.

View looking westwards up river, from the summit of April Kop. Characteristic
Bush Veld of the Eastern Low Country witli isolated koppies of granite.



[Photo by H. Kynaston.

The Incomati Eivee at Furley’s Drift,

Looking east, across tlie Lebombo Flats, to the Lebombo Mountains. Here, Cohen
found tsetse in 1873.

The Evstern Crocodile River,

Looking south west : Oorsprong Kop is seen in ihe distance. Here Cohen found tsetse

in 1873.



\Photo by P. A. Wagner.

The Vlieg Poort Mountains.

The Vlieg Poort range in middle distance. The Rosseaupoort range in the background

[
Photo by P. A. Wagner.

The Vlieg Poort Mountains.

The Crocodile Limpopo in t he middle distance near the point where it pierces the
range in Buffels Poort.
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The Toxicity of Adenia Digitata Burtt-Davy
{Modecca Digitata Harv.).

By H. H. Green, D.Sc., Sub-Director for Veteiinary Education
and Research, and

W. H. Andrews, D.Sc., M.R.C.V.S., Research Officer, Onderstepoort.

Introduction.

Adenia digitata Burtt-Davy, better known as Modecca digitata
Harv., has been reported as causing fatal poisoning in human
subjects in South Africa on several occasions within the last few
years. Our own attention was specially drawn to it by Dr. E. P.
Phillips f a few months ago, and since no reference to its toxic
principles could be found in the available botanical or toxicological

literature, a preliminary study was undertaken on material kindly
forwarded by the Division of Botany. Two physiologically distinct

types of intoxication were at once noted and correlated with two
apparently distinct chemical principles in the plant. The results are
considered of sufficient interest to warrant immediate publication and
are incorporated in the present preliminary communication, although
now being amplified by further work. £

Recent Mortality Incidence in South Africa.

Dr. I. B. Pole Evans, Chief of the Division of Botany, Depart-
ment of Agriculture, has informed us that he learned of the

alleged poisonous character of Modecca shortly after his arrival in

South Africa, and that in 1909 the police reported the death of native

children as following within forty-eight hours of eating the berries of

the plant. In January, 1918, he received a large root and stem from
the Acting1 Government Secretary of the Bechuanaland Protectorate,

together with information from the Rev. Willoughby. It was
explained that the plant was well known to the natives under the

name “ mojaja ”
; averred to be a virulent poison if eaten uncooked,

and to cause serious bowel trouble if administered in the form of

dessicated roasted powder. In view of repeated earlier reports of the

fatal properties of both root and berries. Dr. Pole Evans forwarded

this root to Dr. McCrae, Government Analyst, Johannesburg, who
reported the absence of glucosides, alkaloids, and oxalate; and could

detect no poisonous principle in a feeding experiment upon a white

rat. Some ambiguity is attached to this report, however, in view of

the facts that

—

(a) there is no absolute guarantee that the root was Adenia
digitata, since no flower was sent; and although there is no

reason to doubt the Rev. Willoughby’s identification, it

happens that the non-toxic root Coccina (Curcnbitaceae)

resembles Adenia in external appearance and frequently

grows in the same areas

;

* Chemical work by H.H.G.; Physiological work by W.H.A.
t In charge of the National Herbarium, Division of Botany, Pretoria.

i A more detailed study is being undertaken by Mr. P. Kamerman, of the

Transvaal University College, as M.Sc. thesis pursued in this laboratory. A
number of his provisional data have been utilized in this paper.
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(b) the most active principle is, as will be presently shown, a

toxic protein : a class of poison easily overlooked in an
ordinary chemical examination. Although a cyanogenetic
glucoside is also present, the amount in most old roots is

exceedingly small,* and may conceivably be altogether
absent in some

;

(c) a single feeding test on any animal, and perhaps par-
ticularly a rat, is of very limited value. The amount of

fresh root offered was high, but was left to voluntary
intake, and although the experiment was negative, it could
not be regarded as absolutely final.

Although further unidentified poisoning cases probably occurred,
the root seems to have attracted little attention from this date until

October, 1922, when three European workers employed on the South
African Railways at Pienaars River mistook Adenia for an edible

root. One chewed a portion without swallowing it, became ill, but
soon recovered. The other two ate an appreciable amount, became
seriously ill, and were sent in to Pretoria Hospital three days after

ingestion of the root. Both arrived cold and collapsed, with very
weak pulse, vomiting, complaining of great abdominal pain, and
passing bloody mucous stools. One died a few' hours after admission,
showing acute gastro-enteritis on post-mortem. The other improved
and was discharged from hospital a week later. The symptoms
of both patients were the same and indicated irritant poisoning.
Roots considered identical with those causing the poisoning were
forwarded by Dr. Osborne, the Railway Medical Officer, to the
National Herbarium for identification, and thence to this Division for

physiological and chemical investigation.

Botanical Description.

Under National Herbarium No. 2639, Dr. Phillips kindly

supplied the following botanical description, explaining that a

coloured plate would appear in
“ Flowering Plants of South Africa,”

Part 2, Yol. Ill :
—

Adenia digitata, Burtt-Davy :—Root tuberous up to 50 cm. in

diameter. Stems striate. Leaves 8-14 cm. long, digitately 3-5 lobed

;

the middle lobe pinnatisect
;

the side lobes again lobed on one side

only or pinnatilobed, more rarely almost entire
;

the mid-rib promi-

nent above and beneath, and with two prominent glands on the upper
side at base of the lamina and with glands beneath at the base of

each leaf-segment, glabrous; petiole 1.3-1. 7 cm. long, 6-7 mm. broad,

flat above, convex beneath, glabrous. Calyx-tube 1.5 cm. long,

campanulate, 1 cm. in diameter above, narrowing to 1.5 mm. in

diameter at the base, glabrous; lobes 7 cm. long 5.5 mm. broad,

ovate, obtuse, glabrous; two lobes with entire, the other three with

lacerated margins. Petals 9 mm. long, 2.5 mm. broad at the wddest

part, obovate, acuminate, obtuse, narrowed at the base, with shortly

ciliated margins, 3-nerved. Filaments united at the base, 4 mm. long,

linear, broadening at the base; anthers 6.5 mm. long, 1.5 mm. broad,

linear falcate when seen in side view. Glands at base of filaments

0.5 mm. long, more or less quadrate. Style 1 mm. long, bilobed at the

* Recently shown by Kamerman in this laboratory that variation in

hydrocyanic acid may he very considerable.
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apex. Corona represented by a fimbriated rim. Fruit fleshy, 3.5 cm.
long-, 2.5 cm. in diameter. Female flouer not seen (National Her-
barium, Pretoria, No. 2639).

Physiological and Biochemical Examination.
The root forwarded resembled a very large turnip, about 15

inches long by 14 inches in diameter. Cursory examination at once
suggested a cyanogenet’c glucoside, since on section a faint odour of

hydrocyanic acid was just perceptible through the stronger turnip-
like odour of the root as a whole. A picrate-paper test* immediately
confirmed this conjecture. The clinical symptoms in hospital had,
however, given no reason to suspect cyanic intoxication, but had
pointed quite unmistakeably to a powerful gastro-intestinal irritant.

Animal experimentation was therefore undertaken to clear the issue,

and a series of tests carried out upon the sheep, dog, rabbit, guinea-
pig, and rat.

Sheep .—With the object of simultaneously investigating the

effect upon a domestic ruminant, the first test was carried out on a

sheep, ^ lb. of fresh minced root being administered by the mouth
(“ drenched ” in aqueous suspension) to an adult merino ewe. Within
three minutes the animal began to smack the lips, the sound of this

action rapidly becoming very loud, almost incessant, and continuing
for ten minutes. Concomitant strong contractions of the abdominal
muscles, apparently retching movements, were noted; while the sheep

adopted a crouching attitude and was occasionally shaken by genera-

lized muscular contractions. Aften ten minutes the gait became
uncertain, and the animal began to stagger slowly backwards; this

behaviour being interrupted several times by phases of general

muscular quivering’. After twenty minutes the respiratory move-
ments were noticeably forcible and deep; this dyspnoea increasing,

with audible panting, until within thirty minutes of dosing the

animal was down and unable to rise. Respiration was then stertorous

and the pulse weak. Half an hour later the sheep was lying on its

side, apparently in extremis, showing only shallow respiration and
very weak pulse. By the end of the third half-hour, however, a

surprising improvement occurred, and within two hours of initial

* The “vest-pocket test” for cyanogenesis adopted for field work by this

Division is that based upon the Guiguard reaction and used by H. E.

Armstrong; vide Proc. Roy. Soc., B 84, No. 574, pages 471 to 483.

For the benefit of any botanists unfamiliar with this exceedingly simple

test, the following description may he of service:-—Pierate solution and papers,

5 gm. sodium carbonate and 0.5 gm. picric acid in 100 c.c. water. 1) et

ordinary filter paper with this, hang up to dry until only just “perceptibly
moist,” and cut into convenient strips, about 1 cm. by 4 cm. Papers should be

made up fresh every week, as sensitiveness decreases with time.
r

l he solu-

tion keeps well for months in a stoppered bottle.

Test .—Into a stout glass tune, about 1| cm. by 7 cm., or other con-

venient vest-pocket size, push a few grammes of the moist shredded plant (or

moistened pulverized seed), add two or three drops of chloroform to hasten

autolysis, insert a slip of “ perceptibly moist ” picrate paper at the top, and
cork tightly. Incubate in a vest-pocket, examining at intervals. Liberation

of HCN is indicated by reddening of the yellow picrate paper; within a few

minutes, if the amount is large, after 24 hours if only traces are present.

If the paper remains lemon-vellow, it either means that a cyanogenetic glucoside

is absent or that a hydrolytic ensyme is not intimately associated with it.

In the latter case, chemical analysis may still show hydrocyanic acid, but
with the majority of plants analysis will not show much if the simple lest

fails. It may be added that the test is so delicate that cyanogenesis is

revoaled in a large number of common non-toxic edible plants; an easily com-
prehensible fact in view of the significance of cyanogen in normal plant

anabolism.
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administration the animal was again standing' up. These very
marked hut evanescent symptoms accorded fairly well with the type
of intoxication which might he expected from the cyanogenetic
glucoside known to be present, but left unexplained the delayed
irritant poisoning recorded for the human subjects by the railway
doctor. Instead, therefore, of killing the sheep for immediate study
of internal lesions, it was retained under observation. The following-

day it appeared quite normal. On the third day, however, further
symptoms developed. It appeared dull and depressed, stood with
hanging' head, ignoring sounds and ordinary handling, but still

reacting to painful stimuli. It died during the ensuing- night, i.e.

about four days alter administration of the root. Post-mortem
examination revealed gastro-enteritis, the inflammation heing- most
marked in the duodenum. Other lesions shown were hyperaemia and
oedema of the lungs, distension of the right heart, sub-epicardial
peteehiae, and hyperaemia of the kidneys.

These findings definitely pointed to an irritant intoxication,

physiologically distinct from the cyanic type noted within the first

hour of administration, and chemical search for the poison was there-

fore at once commenced. A portion of the fresh root was taken for

determination of moisture and hydrocyanic acid, a further portion for

expression of juice, and the remainder sliced, dried by free exposure
to the air, and ground up for further study.

Of this dry material TO grams, equivalent to well over 1 lb. of

fresh root, was mixed with water and administered to a second sheep
by stomach tube. No ill-effects were noted, thus indicating either a

considerable decrease in toxicity during desiccation or a considerable
variation in susceptibility of different sheep, perhaps arising- from
varying rate of passage through the rumen.

The absence of any symptoms of cyanic intoxication with this

last sheep was of course readily explained by the observed rapidity

of ensymic hydrolysis of the cyanogenetic glucoside and consequent
loss of hydrocyanic acid on drying. As demonstrated below, 97 per
cent, of the glucoside may disappear on air-drying the root.

Rabbits .—On the day of dosing the first sheep, the expressed
juice of the fresh root was administered by mouth to a rabbit. Two
hundred grams of root readily yielded 140 c.c. of juice. This was made
up to 150 c.c. with normal saline and 10 c.c., equivalent to about
13 grams of fresh root, administered by stomach tube. On the

following day the rabbit showed little change, but on the second day
diarrhoea and signs of pain, such as grinding of the teeth, were noted.

Later in the day, about forty-eight hours after administration, the
rabbit died. Post-mortem revealed gastro-enteritis, especially in the

small intestine.

A patch of hair was crudely shaved from a second rabbit, and the

same juice rubbed into the slightly cut scarified surface. The animal
died eighteen hours later, showing no local reaction and no obvious

pathological-anatomical cause of death. A third rabbit was injected

subcutaneously with 10 c.c. of the same juice and died overnight,

probably about twelve hours later. Post-mortem revealed a clear

gelatinous infiltration radiating into the subcutaneous tissue from
the site of inoculation, but no noticeable local hyperaemia. A fourth

rabbit was injected subcutaneously with the same quantity of the

same juice left freely exposed to the air for three days in an open
vessel on the laboratory table. It died within eighteen hours, showing
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similar lesions. A sixth rabbit was injected subcutaneously with an
aqueous extract of 0.5 gram of air-dried root and died within twelve
hours.

A series of tests was then carried out to determine the approxi-
mate minimum lethal, dose of cold aqueous extract of dessicated root,

by oral administration and by subcutaneous injection. The extracts

were simply made by triturating the air-dried ground material with
large excess of water, filtering, and diluting further for accurate
injection.

By subcutaneous injection, amounts of aqueous extract corre-

sponding to over 0.005 gram of dried root per kilo body-weight
caused death in twelve to eig'liteen hours; no constant reduction in

time being effected by increasing the dose one-hundred-fold. A
smaller dose of 0.001 gram killed in forty-eight hours and of 0.0005
in thirty-six hours. Doses of 0.00005 gram killed in from two to

five days, individual idiosyncrasy rather than minor variations in

dosage apparently controlling survival time; doses of 0.00001 gram
failed (in two tests) to cause noticeable disturbance of health. Since
these data indicate that a “ fraction of a milligram of aqueous
extract of dried root per kilo body-weight of rabbit ” is rapidly fatal,

there was little point in carrying the definition any closer until the

quantitative extent to which extraction with cold water removes the

toxin had been ascertained.

The animals showed no visible symptoms beyond some dullness

and erection of the hair (especially noticeable on the neck and poll)

until shortly before death. In the later stages they gave evidence of

alarm, with occasional convulsive movements and squeaking; and
finally lay on the side, kicking occasionally, but failing to respond to

stimuli.

The lesions found on post-mortem varied somewhat according to

the dose of Modecca given. With very small doses there was some-
times no local lesion at all ; but in most cases, and especially with
larger doses, the subcutaneous tissue showed infiltration with clear

semi-gelatinous material for several centimetres around the site of

needle-puncture; indeed, in some cases, extending over a large portion

of the abdominal wall. There was, however, no hyperaemia around
the actual s'te of inoculation in the rabbit.

Tiie larger serous cavities usually showed a slight increment of

c ] ear fluid. The heart was always found to have stopped in diastole,

and the right heart frequently appeared to be distinctly dilated. The
liver usually showed congestion and incipient degeneration. The
kidneys were also congested, sometimes markedly. The spleen pre-

sented no macroscopic changes. The stomach frequently appeared
normal, but in some cases showed distinct hyperaemia of the mucosa.
The small intestine displayed no very noticeab’e changes after inocula-

tion of larger doses but with smaller doses, and consequently delayed
death, distinct lesions were usually present, varying from hyperaemie

zones or small groups of petechiae to well-marked haemorrhagic
streaks or patches. In one or two cases the bowel contents were
actually blood-stained. The large intestine generally presented no
naked-eye changes, but exceptionally showed scattered petechiae

and slight hyperaemia of the mucosa.
By intravenous injection, the M.L.D. for the rabbit Avas oacu

smaller than by subcutaneous inoculation, 0.00005 gram “root
equivalent,” per kilo body-weight, proving fatal in eighteen hours;
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0.0001 gram in twenty-seven hours; 0.05 gram in twelve hours;
and 0.4 gram in rather less than seven hours. This last rabbit

showed symptoms about the sixth hour, evidencing hurried respiration

and gradually increasing restlessness. Half an hour later the power
of supporting the body on the limbs was gone, although the limbs
themselves could be moved freely and the animal still kicked and
struggled if handled roughly. It died shortly after. Post-mortem
showed some oedema of the lungs, congestion and incipient degenera-

tion of the liver, congestion of the boundary zone and medulla of the

kidneys, and slight hyperaemia of the mucosa of the small intestine.

The lesions shown by the rabbits receiving the smaller doses were
similar, but more pronounced. The kidney and liver lesions were
reflected in the urine by slight albuminuria and biliuria. It is

interesting to note that the onset of death is relatively slow, even
when the material is passed in solution directly into the blood-stream

;

four thousand lethal doses still taking over six hours to kill.

By oral administration, the minimum lethal dose was much larger

and less certain in action
;

aqueous extract, corresponding to 0.5
gram to 1.0 gram per kilo body-weight, sometimes killing within
eighteen hours, sometimes only after four days, and sometimes not
proving fatal at all. In general, the M.L.D. by the mouth would
therefore be several thousand times as high as the M.L.D. by sub-
cutaneous injection. The typical post-mortem lesion in cases of death
following oral administration was variable but usually well-marked
gastro-enteritis

;
sometimes even haemorrhagic, and generally ex-

tending through the jejunum, ileum, caecum, and colon. The lesions

in other organs resembled those found after intoxication by the sub-
cutaneous route.

Guinea-pigs .—The results with guinea-pigs were much the same
as with rabbits, the minimum lethal dose of aqueous extract, by sub-

cutaneous injection, corresponding to 0.0002 gram of dried root per
kilo body-weight, or roughly 1 milligram of fresh root. The M.L.D.
by the mouth was again much higher; over one-thousand-fold. The
onset of death varied from about eight hours to five days, according
to the size of the dose. The post-mortem lesions were very similar to

those described for rabbits, acute (sometimes haemorrhagic) gastro-
enteritis being the characteristic feature of oral administration; aid
congestion of liver and kidneys, with slight oedema of the lungs,

being characteristic of subcutaneous injection. In addition, however,
to the lesions noted around the needle-puncture in rabbits, the guinea-
pigs frequently showed a distinctly hyperaemic area around the site

of inoculation.

Dogs .—For comparison with the results of oral administration
on the herbivorous ruminant sheep, the dog was taken as carnivore.
One dog was given the aqueous extract of 2 grams air-dried root by
the mouth. On the following day it showed depression, passed fluid

faeces, but quickly recovered. A second dog was given a similar
extract of 30 grams. Fifteen minutes later it vomited several

times, presumably ejecting a large proportion of the dose. Neverthe-
less, it was found dead next morning, within fifteen hours of adminis-
tration. A third dog was given the aqueous extract of 5 grams of

air-dried root. Five minutes later it vomited twice, ejecting a

considerable amount of liquid mixed with partially digested food
material; and so suggesting that the duodenal sphincter had remained
closed during the interval. During the succeeding hour the dog



passed faeces and urine several times, with obvious straining, and
gave evidence of uneasy excitement. This phase passed, and the
animal appeared quite normal until left for the nig'ht, about seven
hours after dosing. At 6.30 next morning, however, it was found
struggling on its side, and death occurred shortly after, about twenty-
one hours after the extract was given. Before death, the dog passed
soft faeces mixed with mucus.

In both cases post-mortem revealed very acute gastro-enteritis,

practically the whole length of intestines being involved; right heart
distended with blood and sub-epicardial haemorrhages in the left

ventricle; hyperaemia of liver and kidneys; infarcts in the spleen.

These two cases indicate that in regard to oral administration the

dose is much smaller for the dog than for the sheep. Assuming that
about half the 5-gram dose was ejected by the early vomiting of

the third dog, and recalling that the second sheep tolerated TO grams
of the same material without ill-effect, a comparison on the basis of

body-weight indicates the fatal dose for the latter as about eight

times as high as for xhe former. That this difference is largely due
to the differences in the alimentary tract of the two classes of animals
is evidenced by the fact that for subcutaneous injection the M.L.D.
is much closer—in the region of 0.00005 gram in both cases, as

shown by subsequent experimental trial

Rats.—The results of a few tests on the white rat indicated that

this animal is probably somewhat more resistant than other animals
to Modecca by subcutaneous injection, but little, if any, more resistant

to oral administration. The aqueous extract of 0.3 g'ram of dried

root per kilo body-weight injected subcutaneously killed within
fifteen hours, and that of 0.05 gram and 0.005 gram in about the

same time; but in one case 0.002 gram proved lion-fatal. The
M.L.D.

, by subcutaneous injection, therefore appears to be somewhat
higher than for the rabbit or guinea-pig. By forced oral administra-
tion, doses of 0.25 gram were tolerated, although about 0.5 gram
proved fatal. The M.L.D. by the mouth is therefore about the same
as that for the rabbit, guinea-pig, or dog.

It is also of interest to note that attempts to induce the rats to

partake voluntarily of the root signally failed; 2 grammes of dried

root were mixed with 10 grammes of maize, made into a stiff porridge,

and offered ad Jibitvvi to two rats. Even after three days’ fasting,

none was eaten. Upon mixing a similar preparation with cooked

meat to disguise the odour, the diet was again refused for the three

ensuing days by the same rats. On substituting plain maize
porridge, or maize meat porridge without the root, the whole dishful

was ravenously eaten by the now starving rats.

Chemical Com.positiiv of the Root .—A proximate analysis gave
the following figures:—

Proximate Components. Fresh Root.
Orv Matter.

(100°.)
Air-dried Root.

Water 87-50 % 0-40 %
*Crude Protein (N 6-25) 1-17 % 9 -39 % 8-79 %
Ether Extract 0-09 % 11-73 % 0-0,8 %

tNitrogen-free Extractives 9-32 % 74-55 % 78 %
Crude Fibre. 110 % 8-70 % 8-20 %
Ash 0-82 % 0 57 % (5 -15 %
Total Drv Matter 12-50 % — 93-00 %

•Containing True Protein 0-51 % 4-11 % 3-85 %
Hvdrocvanlc Void, 7TCN

tMucilage, Starch, and RediK-inv Sugars.
0-04 % 0 01 %

A.V»indant

.
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It will at once be recognized that apart from the hydrocyanic
acid and the somewhat higher proportion of dry matter, the analysis
might be that of a large turnip. The cyanogenetic glucoside yielding
the hydrocyanic acid is now under investigation.* It passes largely
into the expressed juice of the fresh root along with the ensyme
which hydrolyses it. It is almost completely hydrolysed, with con-
sequent loss of hydrocyanic acid/ during air-drying of the root. It

will be noted that the ground air-dried sample only contains 0.01 per

cent, of hydrocyanic acid against a possible 0.30 per cent, if all had
been retained on drying. The expressed juice, or minced root diluted

with water, yields most of its hydrocyanic acid to rapid aeration for

two hours (without acidification) in the cold, from which also it may
be assumed that ensymie hydrolysis is very rapid. The active tox-

albumin described below also passes largely into the expressed juice

;

and of the total proteins present, about two-thirds, including most of

the toxalbumin, can be readily extracted from the air-dried root by
maceration with cold water—as determined by Kjeldahling the

copper acetate precipitate from the ground root and from a 1 per cent,

cold aqueous extract of the same material. The water soluble carbo-

hydrates include mucilages, starch, and reducing sugars; about one-

sixth of the total nitrogen-free extractives being capable of reducing
Benedict’s solution direct, and the greater part of the remainder
reducing Benedict after gentle hydrolysis with dilute hydrochloric

acid. The precise distribution of the carbohydrate moiety is now
under further investigation.*

The Poisonous Principles .—The results of the animal experi-

mentation already described make it quite obvious that two types of

poison are present :
—

(a) A rapidly acting principle which might cause death in half

an hour or less if the fresh root be ingested in large amount,
but which disappears on desiccation.

(b

)

A slowly acting irritant poison fatal in much smaller

amount by the mouth, and in exceedingly minute amounts
by intravenous or subcutaneous injection, and which can
w’thstand desiccation.

The first is obviously the Cyanogenetic glucoside, since both the

physiological reactions and the amount found on analysis accord with

this view.
In searching for the second, the orthodox toxicological methods

were followed, but using the rabbit or guinea-pig as check at each

stage of a separation. It was at once found that the poison was
removed from the juice or aqueous extract of the dried root by basic

lead acetate; but not set free again in soluble form by decomposing
with sulphuretted hydrogen. On removing lead from both filtrate

and precipitate, both filtrates from the lead sulphide proved non-toxic

to guinea-pigs, even when injected in amounts corresponding to

several hundred lethal doses of root.

On extracting* with 80 per cent, alcohol, the poison did not pass

into solution, but, on the contrary, it could be quantitatively precipi-

tated from aqueous extracts by adding alcohol in sufficient amount.
On converting the aqueous sohition to 70 per cent, alcoholic, filtering

and removing the alcohol in a warm air-blast, filtrate equivalent to

over 100 M.L.D. proved non-toxic; whereas on extracting the

* Kamormnn already referred to.



alcoholic precipitate with water or dilute saline a highly toxic

solution was obtained.

On keeping an aqueous solution at 90° to 100° C. for ten minutes,
and then filtering, the poison was removed with the coagulum of

soluble proteins.

These reactions pointed so unmistakably to a toxic protein, that
“

salting out ” was at once tried. Complete saturation of the aqueous
extract of the dessicated root with ammonium sulphate gave a yield
cf protein corresponding to well over 2 per cent, of the dry material

:

which on resolution in physiological saline proved exceedingly toxic

on injection into rabbits. On fractioning with ammonium sulphate
no clear’ separation could be effected, half-saturation bringing down
part of the toxic protein along with the. so-called globulin moiety,
while further saturation of the filtrate from this brought down a still

larger proportion in the more copious albumin fraction. It is well

known, of course, that vegetable albumins and globulins can not be
sharply separated by salting out (ride Osborne’s “ Vegetable Pro-
teins ”), but the attempt was still considered profitable; and it may
be added that salting out, redissolving in saline, and reprecipitating

with alcohol gives a product in convenient granular form admixed
with, sodium chloride, which is easily brought back into aqueous
solution

.

Fractioning of aqueous extract by precipitating with varying
concentrations of alcohol was also tried, but again no clear differentia-

tion between the toxic protein and the admixed ordinary non-
toxic root proteins could be effected. On bringing the concentration

to 50 per cent, alcoholic by addition of an equal volume of absolute

alcohol and allowing to stand for twenty minutes, the bulk of the

soluble proteins was thrown down and with them the bulk of the
toxic protein. On filtering and adding further alcohol to bring to

TO per cent., a smaller fraction was obtained, but this also contained
toxic protein. On precipitating at 60 per cent, alcohol, extracting

the precipitate with distilled water, reprecipitating at 60 per cent,

alcohol, and again redissolving in distilled water, the aqueous
solution appeared to contain all the toxin. This water-solubility,

combined with the superior precipitability at higher concentrations
of ammonium sulphate, is considered provisionally sufficient to

designate the poison as a totealbum in

.

To it may be assigned the name
Modeccin for convenient comparison with Iticin, Abrin, Crotin, and
Ilobin, from which it differs in physiological behaviour.

Precipitating in this way, a yield of about 0.2 gram was obtained
from 10 grammes of dessicated root (equivalent to 0.00 per cent, of llie

fresh root), upon which a single Kjeldahl determination gave 16.5

per cent, of nitrogen
; thus indicating thal the protein was at least

free from contamination with non-protein plant products. On drying
in a dessicator it passes over into a horny mass, the solubility

characters of which do not render it particularly suitable as a perma-
nent preparation. The degree of toxicity of this product was such that

less than one hundredth of a milligram (0.00001 gram) per kilo

body-weight, proved fatal to a guinea-pig within thirty-six hours,
by subcutaneous injection. The minimum lethal dose in a subsequent
test by intravenous injection was approximately one-thousandth of a

milligram.
A cursory fractioning by temperature coagulation of (lie aqueous

extract showed that the small fraction coagulating at 60° C. was
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highly toxic when redissolved in dilute sodium hydroxide and
neutralized with hydrochloric acid; but that the bulkier fraction,

coming down at 70° C. to 75° C., still contained much of the toxalbu-
min. 90° C. for fifteen minutes was sufficient to give a toxin-free

filtrate and a still slightly toxic coagulum.
Further fractioning is now being undertaken by combining

differential ensymic hydrolysis, salting out, dialysis, alcohol precipi-
tation, temperature coagulation at varying hydrogen ion con-
centration, and the like; and although little hope can be entertained
of isolating the pure phytotoxin, it should at least be possible to

obtain a product of infinitesimally small M.L.D.*

Haemo-agglutination Behaviour of Modeccin.

In view of the strong haemo-agglutinative and weaker haemolytic
properties possessed by Ricin and by all the other toxalbumins
investigated up to the present time, it is of considerable interest to

note that we have failed to find any trace of such properties in

solutions of Modeccin.

It is obviously difficult to give exact quantitative comparisons
when neither substance can be isolated in a state of purity, but using
toxicity as a measure of concentration the results indicate that the

haemo-agglutinative properties of Ricin are at least 100,000 times as

great as those of Modeccin.

Is the Toxalbumin the Cause of the Gastro-enteritis f

Up to this point it had been shown that there is an irritant

principle in the root producing gastro-enteritis by oral adminis-
tration, and that a toxalbumin can be separated which corresponds

in behaviour to a principle which proves fatal by subcutaneous
injection. To complete the circle of evidence it was necessary to

show that the two principles were one and the same. A small quantity

of purified protein was therefore prepared by double precipitation

from the filtered aqueous extract of the root; first approximately
saturating in the cold with ammonium sulphate, sucking dry, redis-

solving in water, and then reprecipitating at 60 per cent, alcohol.

An amount of this equivalent to 3 grams of dried root was then
administered to a rabbit by the mouth. The animal died within
thirty-six hours, showing gastritis and acute haemorrhagic enteritis,

thus leaving no doubt concerning the identity of the toxic

protein with the irritant principle causing the lesions following oral

administration of the root, and accounting for the post-mortem
picture of the unfortunate railway worker whose death occasioned this

investigation.

Confusion of Adenia digitata with Other Similar hut Edible Roots.

The work recorded in this communication was carried out on the

original root sent in by the National Herbarium. For the sake of

extending the investigation, a laboratory assistant was sent to collect

* Kanurman.—The- task obviously involves the use of a very large number
of small animals for serial injections of varying amounts of each fraction. The
present preliminary communication is limited by the fact that, except where
otherwise mentioned, larger doses were used, generally equivalent to 50 M.L.D.
of root.
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further material at Pienaars River, the site of the original disaster.

Without knowing the precise locality he failed to find Adenia, but
returned with roots of a species of Coccina (Curcubitaceae

)

which were
so similar in general appearance that they might easily be confused.
It was therefore thought worth while to test this root for comparison
with Adenia. Guinea-pigs were inoculated subcutaneously with
expressed juice corresponding to Adenia doses of 1 to 1,000 M.L.D.
The moderate and small doses produced no visible effect, while the
enormous doses caused irrelevant death from local irritation, necrosis,

and subsequent bacterial invasion. The non-toxic and edible character
of roots of this type, as compared with the violently toxic character
of Adenia

,
is obviously a source of danger to the unwary.

Native Belief.

In conclusion, it is at least of native-lore interest to revert to the

already cited correspondence with the Rev. Willoughby, of Becliuana-
land. lie records the “ son of a distinguished medicine-man family ”

as saying:—
“ If the Mojaja is roasted to a black powder, it will cause serious

bowel trouble to whomsoever swallows it, but if it is administered
in the uncooked form it is a virulent poison. In chopping it into

pieces suitable for roasting, if the wind blows the juice into the face

of the operator, it may kill him
;
and whoever prepares it takes care

to sit to windward of the root.”

Allowing* for native imagination, this information is very precise.

Rapid death from cyanic poisoning would, of course, follow ingestion

of root in the large amount likely to be eaten at a native meal; while

escape from the glucoside would avail but little with the toxalbumin
bringing up the rear. The roasting to black powder would destroy

the glucoside and partially destroy the proteins, but still leave in

the protected interior of coarse granules sufficient of the gastro-

intestinal irritant toxalbumin to cause the “ serious bowel trouble.”

The “ wind and juice ” part ot the story may perhaps have its origin

in coincidence of wound, wind, and juice on some hapless day in the

annals of' the medicine-man’s family; perhaps be but the super-

structure of fearsome imagination.

Summary.

(1) Adenia digitata (Burtt-Davy), alias Modecca digitata (Harv.),

native name “ Mojaja,” has been frequently recorded as cause of

accidental death in South Africa, both root and berries being regarded
as violently poisonous.

,(2) A large root, procured in consequence of fatal intoxication

of Europeans in the vicinity of Pretoria, subjected to preliminary
chemical and physiological examination, showed two poisons :

—
(a) A cyanogenetic glucoside, in amount equivalent to 0.0 f per

cent, of hydrocyanic acid in the fresh root, capable of

causing rapid poisoning (half an hour, or less), with
symptoms of respiratory distress, if the amount ingested

is sufficiently large. Associated with this is an ensyme
causing rapid hydrolysis, with consequent loss of the vola-

tile hydrocyanic acid in the cut root; so that air-dried

material in moderate amount no longer produces cyanic
intoxication.
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(b) A toxalbumin, resistant to desiccation, largely extractable
from ground air-dried root by simple lixiviation with cold
water or saline, and exceedingly poisonous for man, sheep,
dog, rabbit, guinea-pig, rat, and presumably other
animals; precipitable by ammonium sulphate or by alcohol
above 50 per cent., and coagulable at 60° C. to 70° C.

This toxic protein is termed Modecdn by analogy with Iticin,

from which it differs in physiological behaviour and notably in

absence of haemo-agglutinative properties.

Allhough fraetioned in a .form still contaminated with ordinary
non-toxic root proteins, the lethal dose was less than one-hundredth
part of a milligram per kilo rabbit by subcutaneous injection; in

one case approximately one-tliousandth of a milligram by intravenous
injection.

In the pure form the M.L.D. of this phytotoxin would pre-

sumably be infinitesimally small. Even expressed on the powdered
air-dried root the toxic dose for the rabbit by intravenous injection

is only 0.0001 gram per kilo. By oral administration the M.L.D.
is several thousand times higher and rather variable, relatively small
amounts apparently being absorbed from the digestive tract. For
guinea-pigs and rabbits the fatal dose of the fresh root by the mouth
is a few grams; for small dogs, the same; for sheep, about half a

pound; for the human subject, probably about an ounce. The period

of survival varies from a few days after oral ingestion of moderate
amounts down to six hours by intravenous injection of several

hundred M.L.D.
;
subcutaneous injection being followed by death in

eighteen to thirty-six hours, reducible to twelve hours by adminis-
tration of about a hundred minimum lethal doses.

Lesions- of gastro-enteritis, acute and haemorrhagic if the dose be
large, are the striking post-mortem features of oral administration.

Cessation of the heart in diastole, congestion of the kidneys,

incipient degeneration of the liver, slight gastro-enteritis, and oedema
around the site of inoculation (with local hyperaemia in the case of

the guinea-pig) are the broad post-mortem features after sub-

cutaneous injection; the lesions in the kidneys and liver being
sometimes reflected by albumen and bile in the urine. With very

small doses, however, most of these lesions may be almost negligible.

(3) In g'eneral appearance, and except for the toxic principles

also in chemical composition, the root ot Adenia digitata resembles

a large turnip
;
confusion with geographically associated edible roots,

such as Coccina, being a probable cause of accidental fatalities.
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Snotsiekte in Cattle.

By It. W. M. Mettam, M.R.C.V.S., University of the Witwatersrand,
late Research Officer, Onderstepoort.

Definition .— Snotsiekte is an acnte specific infectious disease of

cattle caused by an ultramicroscopic but non-filtrable organism and
characterized by a general hyperplasia of lymphoid tissue throughout
the body, less frequently by inflammation, erosion, and necrosis of

the various mucosa.

Introduction .—Snotsiekte (Afrikaans for mucous sickness) is not a

common disease in South Africa at the present time, though it appears
to have been much more prevalent and widespread in the earlier days
of colonization, when the boundaries of farms and kraals were not
so definitely laid down as they are to-day. At the present time the
disease appears sporadically, causing a high mortality amongst cattle,

but it may lie quiescent on a farm for many years without giving
any indication of its presence.

Farmers from widely separated parts of the Union know the

disease well by reputation, and at one time it appears to have been
second only to rinderpest in virulence and destructiveness to cattle.

Snotsiekte is mentioned by some of the earlier hunters who pene-
trated into the savage interior of South Africa nearly a century ago.

Gordon Cumming, writing before 1850, refrained from allowing his

trek cattle on to veld previously grazed on by black wildebeest because
“ of the danger of the oxen takiug a horrible and very fatal illness,

called by the Boers snotsickness, which cattle are very liable to get

from pasturing on ground frequented by black wildebeest.” Hutyra
and Marek (2) state that snotsiekte is the Boer name for malignant
catarrhal fever, but many other South African diseases are colloquially

known under this name, none of them being the same as the disease
snotsiekte proper, described in this paper.

The present research was initiated by Sir A. Theiler as the result

of a serious outbreak near Clocolan, in the Orange Free State, and a

full history of the disease was submitted by the farmer during a
visit to the farm.

Prior to the hot season of 1919-20, snotsiekte had not appeared
for over fifteen years, when the disease broke out under peculiar

circumstances which merit description.

During the summer of 1904-5 some cow wildebeest (Connochaetex
gnu) died, leaving’ their young calves uncared for, and in order to

preserve the valuable offspring, Friesian cow foster-mothers were used
to suckle them. To the surprise of the farmer, not only did the

foster-mother die from a disease now recognized as snotsiekte, but
all cattle in contact became fatally infected.

This happening made the owner realize that it was dangerous
to herd the two species of animals together, and consequently they
were carefully segregated until the prolonged and severe drought of

1919-20 forced the herding of some twenty cattle with over 200 wilde-

beest in a large camp of good pasturage which had still an abundant
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water supply from a dam. About a month later the disease appeared
in a fatal form, and the advice of the Veterinary Department was
sought.

Two affected cattle were obtained and sent to the laboratory,
where they were at once used for experimental purposes.

On another part of the farm, cattle have been repeatedly kraaled
with wildebeest with impunity, snotsiekte only appearing when cattle

are introduced into the camp where the previous fatal outbreak
occurred in 1904.

The wildebeest, which are descended from wild stock segregated
about fifty years ago by fencing the land into large camps, are at %

the present time to all intents still roaming in a state of nature.
They have always appeared particularly free from disease, though
now and again an occasional beast has shown signs of nasal dis-

charge, which is not remarkable since a large variety of wild and
semi-wild game shot by hunters in widely separated parts of Africa
often show a similar affection. It may be stated here that these

wildebeest are usually heavily infected with Oestrideae (Gedoelstia
paradoxa of Rodhain and Bequacrd), many of which were collected

by us from the nasal chambers, horn cores, and facial sinuses of

animals destroyed for collection of material. It is most likely that

the nasal catarrh of wildebeest is due to the presence of those para-

sites in large numbers.
On the same farm there are many other wild animals of the

bovidae family preserved, such as springbok (Antidorcas euchore),

blesbok (
Damaliscus albifrons), eland (7'aurotragus oryx), and many

species of antelope.

These animals are generally segregated, but can be herded with
cattle in times of emergency with impunity.

Animals Affected.—The disease appears to be absolutely specific

for bovines. Cattle of all ages and breeds are susceptible and may be

experimentally infected with fatal consequences.
Horses, sheep, dogs, and birds show no symptoms after receiving

large amounts of virulent material, nor do these animals harbour
the virus, since after inoculation their blood remains non-infective

for cattle.

Nothing definite can be said as to mortality incidence amongst
wildebeest themselves. At any rate, during the last big outbreak only

cattle were affected, while the in-contact wildebeest remained healthy.

For detailed protocols of various experiments on artificial infec-

tion, reference may be made to Appendix I, where Experiment No. 1

shows that the disease may be reproduced in healthy cattle by intra-

venous or subcutaneous inoculation of virulent blood, while drenching
repeatedly fails to caiise any symptoms even when blood is given in

large doses at short periods (Experiment No. 2).

The non-susceptibility of horses, sheep, and poultry is shown
bj? Experiments Nos. T, 8, and 9 in the same appendix.

Attempts to produce the disease in the various laboratory

animals were always negative.

Experimental Transmission .—Snotsiekte was kept going for nine

months by blood inoculations made at determined periods, and as the

disease invariably killed the cattle it was necessary not to leave an

animal ill too long before bleeding. The method of inoculation did

not matter very much, though the intravenous route was generally
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selected as being quicker and handier than the subcutaneous. The
blood ^vas injected either by direct transfusion from jugular to

jugular or else after defibrinating, oxalating, or citrating in the
usual manner.

Reference to the protocols in Appendix I will show that blood
inoculations were generally efficacious in producing the disease, the

course and severity of which was never noticed to be affected by the
channel of inoculation chosen or by the amount of blood injected.

It will also be noticed that drenching with virulent blood in large

doses repeated at short intervals failed to produce symptoms.
Attempts to transmit the disease by direct contact also failed.

On every possible occasion healthy cattle were placed in the stable

between or near pronounced cases of the disease, in which the nasal
catarrhal discharge was especially abundant and soiling fodder,

fittings, bedding, etc., but in no instance was the disease produced
in this way. Hefilthy animals frequently ate badly-soiled food
with impunity.

The virulence of the following discharges and secretions was
also tried, viz. :

—

(a) Urine chosen from particularly badly affected

cases, (b ) bile, (c) ingesta of the alimentary canal, and (d )
nasal dis-

charges. All experiments tried with the above failed to produce
the disease in healthy cattle (see Appendix I). This non-virulency

of the various body fluids (except the blood) suggests that snot-

siekte is not a contagious disease in the generally accepted meaning
of the word, but that it is transmitted by some blood-sucking vector

which carries the virus on its mouth parts and infects cattle during
biting or piercing the skin.

In Appendix I (c), the history of the first experiments is described

in full. It was not until a second series of cattle had been inoculated

from the first series that the disease was successfully produced
experimentally. The animals in the first series after inoculation of

wildebeest blood only showed a temperature reaction, but at this time
their blood was apparently infective, for inoculations successfully

produced the disease in the second series of cattle. This peculiarity

of the snotsiekte virus is again discussed under aetiology.

Infection under Natural Conditions.—The exact manner in which
the disease is transmitted to susceptible cattle under natural condi-

tions is not definitely known. It seems practically certain that some
blood-sucking parasite is the vector, since blood inoculations are the

only successful way of transmitting the disease to cattle experiment-
ally.

Ticks may be virtually excluded because on the infected farm
they are not common, and moreover if the disease is tick-borne, it

ought to be more prevalent. The only variety found on the farm
at Clocolan was Rhipicephalus decoloratus, the commonest of all

South African ticks.

It is quite likely that the parasite to blame is connected with
the wildebeest and that close contact with cattle is necessary for it

to change hosts.

Two species of lice are found on wildebeest, viz. :
—

(1) A blood-sucking species of Linognathus
, and (2) a non-

sucking species, which was named by Cummings in 1917 Tricho-

dectis larrissoni.
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The former Jouse was suspected because it suitably fulfilled the
conditions of (a) being a blood-sucker and somewhat rare, (b) of being
closely associated with its host, and (c) of being readily capable of
exchanging hosfs when in close confact with other wildebeest or
cattle, as during drinking, etc.

Reference to the protocols in Appendix XI will show that
attempts to set up the disease by placing Linognathi on cattle failed,
as the original hosts were subsequently proved not to be reservoirs
of the virus and the lice were few in number. Unfortunately, lice

were not obtained from the wildebeest which at the commencement
of this investigation was found to harbour the virus.

The experiments are therefore inconclusive and still leave open
the question whether wildebeest lice are the real transmitters of the
disease.

Some transmission experiments with cattle lice (Haematopinus
eurysternus et Linoynathus vituli) obtained from a beast at the
height of the disease also failed to cause any symptoms when placed
on healthy susceptible animals.

Summary.

It has been definitely found that (1) snotsiekte can be trans-

mitted from wildebeest to in-contact cattle under certain undetermined
conditions, and (2) that the disease can be readily transmitted from
sick to healthy cattle by intravenous or subcutaneous inoculation of

virulent blood.

Naturally, infection appears to be carried by some blood-sucking
insect from wildebeest to cattle, and then from cattle to cattle, the
insect—its exact nature being quite unknown—apparently infecting
the animal during the sucking of blood.

Cattle are the only susceptible domestic animals. Horses, sheep,
•dogs, fowls, and the ordinary laboratory animals are naturally

immune and unaffected by large inoculations of virulent blood.

One wildebeest, shot by chance, harboured in its blood the virus

of the disease, since its blood on inoculation into cattle proved viru-

lent. Several other wildebeest shot at the same time proved to be

non-reservoirs, for their blood was non-virulent on inoculation into

cattle. More recent experiments with fresh wuldebeest blood have
also proved negative.

It seems, therefore, that all wildebeest do not harbour the virus,

and it is possible that the percentage of virus carriers varies in

different localities and under different conditions so far unknown.
An analogy may be sought in human sleeping-sickness, due to

Trypanosoma gambiense., where the percentage of virus carriers

(Sitaztunga—a species o.f antelope) varies greatly in certain localities

and in particular places is so low that only a few animals harboiir

the causal organism in their blood.

Symptomology.

A .—Period of Incubation.

The period of incubafion varies experimentally between ten and
thirty-four days, averaging twenty-one days. It is neither influenced

by the amount of blood inoculated nor by the severity of the illness

of the patient supplying the virulent blood, as small doses of blood
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from mildly affected cases may set up acuter symptoms in a shorter

time than large doses from badly affected animals.
Under natural conditions, from information supplied by the

farmer at Clocolan, the period of inoculation would appear to be not
less than thirty days following the herding of cattle and wildebeest
together.

B .—Snotsiekte may be (1) Acute or (2) Subacute.

Acute Snotsiekte .—The first symptom of the disease is a gradual
rise of temperature, which reaches 106°.F. in about forty-eight hours.

Higher temperatures may be recorded, but as a rule fluctuation

between 106° F. and 108° F. occurs during the first four days of

the disease. After this initial high temperature the fever generally
ranges between 105° F. and I0b° F. until just before death, when it

may suddenly fall to 103° F. or suddenly rise to 110° F., the former
reaction being* the more usual. In some patients fluctuation of tem-
perature between 108° F. and 110° F. may occur from day to day
through the illness. After the first rise of temperature the animal
becomes dull and drowsy and stands with its head depressed. It

moves sluggishly, but is not necessarily weak, since an unbroken
animal may be very difficult to control, and even a few days before

death many have been known to break away and travel considerable

distances.

There are noted all the classical symptoms of a febrile disease,

such as anorexia, cessation of rumination, dry staring coat, and warm
extremities. Obstinate constipation is nearly always present, but
in a few animals diarrhoea is noticed. This, however, is never pro-

fuse, haemorrhagic or foetid, and is very soon followed by constipa-

tion. The xirine is always decreased in amount (see Appendix IY).
Examination of the patient shows that the liead is slightly swollen

as the result of subcutaneous oedema and enlargement of local lym-
phatic glands.

The eyelids are greatly swollen, thickened, and oedematous. The
conjunctiva is moist and at first a pinkish red colour, which during
the course of the disease becomes deep red and finally cyanotic.

There is always considerable lacrimation, for the first few days of

o serious character, but later tending to become thick and even muco-
purulent. Ptosis and photophobia are always very marked. Lesions

may be noted on the cornea, as a result of the extension of the inflam-

mation from the conjunctiva. At first the cornea shows a very slight

haziness,, which later becomes denser and more opalescent. As a

result the animal at first suffers from defective vision, and then finally

becomes altogether blind.

The most constant clinical symptom of snotsiekte is the nasal

discharge, and it is from this symptom that the disease derives its

name. At first the alae nasi are thicker and more swollen than usual,

and there is an abnormal quantity of clear serous fluid present on the

nostrils and muzzle. As the disease progresses, this fluid rapidly
increases in quantity until there is a continual dripping from the

nose. After 48-72 hours the fluid becomes thicker, creamy, and
readily dries on the nasi and muzzle, forming yellowish brown scales

contaminated with dirt. This discharge, though never foetid, may
become matted and cause a considerable amount of respiratory dis-

tress by obstructing or occluding the lumen of the nasal chambers.
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The animal partially relieves this distress by licking' away the
adherent material, which, however, again rapidly collects. Exami-
nation of the nose is attended with little success, since the profuse
discharge masks the mucous membrane. The lower portion of the
nasal mucosa may, however, be seen to be swollen, covered wilh dis-

charge and red in colour. A considerable amount of a yellowish
brown deposit may subsequently appear, especially about the line

of demarcation between the pigmented and unpigmented parts of the

membrane. This deposit may be removed with difficulty, exposing a
law, bleeding, eroded surface.

Epistaxis may be noted on exertion and is probably due to rup-
ture of some of the over-distended capillaries in the congested mucous
membrane. It may be very profuse and fairly prolonged. In the
terminal phases of the disease the catarrh becomes exceedingly
copious, grumous, and may contain disintegrated tissue. It has a

sour but not disagreeable odour, and may be so profuse that the

animal suffers greatly from dyspnoea. To get breath it has then
to blow tlie obstructions out of its air passages, with the result that

its immediate environment is soiled with the catarrhal discharge.

The muzzle loses its moist appearance and becomes swollen, dry,

and red in colour. Very numerous small superficial erosions may
appear, which are soon covered with a mixture of dried nasal dis-

charge and dirt.

Symptoms pointing to lesions in the mouth and throat may be

constantly noted, and salivation may be profuse towards the termina-
tion of the disease, but the main symptoms of oral and pharyngeal
lesions are indicated by great tenderness of the mouth during manipu-
lation. Actual examination may reveal little. Small shallow lesions

(measuring 1-|- cm. by 1 cm.), seldom numerous, may be noted inside

the upper and lower lips. They are brown in colour and seem to

follow desquamation of the superficial layers of the epithelium, The
tongue may appear red and swollen, while the gums may be purple

and almost completely envelop the teeth. Attempts to eat may be

frequent, but mastication is imperfect, and unchewed food may be

found in the commissures of the lips. These symptoms, however,
give no indication of the real severity of the lesions in the mouth ox-

pharynx.
Constant lesions are always found in the lymphatic glands. The

superficial ones are very greatly enlarged, easily felt or rolled under
the fingers, fairly warm, but not painful. Bilateral glands are

equally affected. The submaxillary, retrophaiyngeal and sub-

parotid glands are usually large, and their bilateral prominence
recalls the picture of “mumps ” in the human patient. Their large

size interferes with flexion of the head, so that the animal usually
stands with neck lowered and head forward. Possibly the pressure

caused by the enlarged pharyngeal glands assists in the production
of the dyspnoea by pressing on the pharynx and larynx.

The medial and posterior cervical glands may be enlarged to the

size and shape of a sausage, causing pronounced swellings in the

jugular grooves, which often interfere with operations on the under-

lying large veins.

The pi-escapular and precrural glands vary in size from a walnut

to a large clenched fist and are particularly visible in the later

stages of emaciation. The greatly enlarged haemolymphatic glands,
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each of them the size of a cherry, may he felt as a hard chain nnn.ind
above the prescapular gland.

The popliteal glands may he felt in thin animals or in the last

stages of the disease in emaciated patients. All the deep glands of

the limbs press mechanically on neighbouring nerves and vessels,

occasioning alternate elevation of the legs, and evident unwillingness
to move certain muscles.

The pulse is at first somewhat accelerated and hard, but before
death it becomes soft and weak, and finally of a “ running down
character.”

The respirations vary between 24-40 per minute and are of a

stertorous type in acute cases. When the alae nasi are greatly

swollen and the coryza is profuse there may be a typical dyspnoea
sometimes so great as to threaten suffocation. Coughing is seldom
heard, even in cases where broncho-pneumonia complicates the

disease.

The course varies from five to twelve days, but averages seven
to eight days. It is marked by progressive weakness and rapid
emaciation in a continuous febrile state, while none of the symptoms
show any signs of abatement. The animal remains in a standing
position almost to the end, and in the final phases may be seen swaying
from side to side from weakness. Its eyes are (dosed or opened
slightly, showing pearly-white corneae. The breathing is very loud
and snuffling, and catarrh is ejected from the nostrils as a result of

the great dyspnoea. Eventually the animal falls from exhaustion,

and though it may struggle violently at intervals, it rapidly passes

into a deep coma, which is soon followed by death.

S u b-Acu te Simlsi ekte .

Sub-acute snotsiekte presents very similar symptoms to the acute,

but they are very much milder. The fever may not be serious and
only occasionally shows a rise over 106° F. The nasal catarrh, the

eye lesions, and the lymphatic gland disturbances are all present in

a mild form.
The course of the disease is much longer, and the patient may be

sick for ten to seventeen days. The majority of mild cases die, but
some (4 per cent.) may recover.

In a convalescent animal, improvement is slow but steady. The
inflammation subsides in all the mucous membranes, and consequently

there is at first a diminution in the amount of mucus excreted, soon
followed by cessation. The oedema of various parts of the head
disappears. The lymphatic glands, never very large in a mild
attack however, maintain their increased size. This is not due to

a new formation of connective tissue but to the increased number of

lymphoid elements caused by the virus.

The corneae never clear up, so that the animal is either com-
pletely blind or its vision permanently defective, according to the

severity of the lesions. The condition remains poor for a long' time
after convalescence.

Complications of Snotsiekte.

Broncho-pneumonia was the only complication noticed and
occurred in 2 per cent, of experimental cases. It was not observed
until the advent of summer, and followed prolonged decubitus.
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b*- merally, no clinical symptoms were noticed, or more correctly,
they were probably masked by the acute respiratory distress so marked
in an ordinary case of snotsiekte.

Prognosis and Diagnosis

.

As can be gathered from the acute nature of the disease and
the severe lesions produced, the outlook of a -case of acute snot-

siekte is hopeless. Sven after a mild attack convalescence is

very prolonged, and the eye lesions never clear up, leaving the animal
either suffering from defective vision or else quite blind, but in any
case permanently depreciated in value.

Experimentally the mortality in acute snotsiekte was 100 per
cent.

The diagnosis of snotsiekte may be made from the acute but non-
contagious nature of the disease, from the grave lymphatic dis-

turbances and from the acute catarrhal inflammation of the unuer air

passages. The above symptoms, together with the history of close

contact with black wildebeest, should permit of a definite diagnosis.

There are, however, some commoner diseases that have to be differen-

tiated from snotsiekte, such as (1) malignant catarrh, which is called

by many South African farmers snotsiekte, (2) rinderpest, and (3) East
Coast fever.

(1) Malignant catarrhal fever occurs sporadically in South Africa,

but to what extent is not known exactly. The absence in malignant
catarrh of the general lymphatic or adenoid changes that are so

marked in snotsiekte is most useful to differentiate the two diseases.

In both there is the same high fever, the acute eye and nasal symp-
toms, and the rapid emaciation. In malignant catarrh the inflam-

mation very often spreads from the mucous membrane lining the

sinuses to the horn cores, which often come away in the hands during
manipulation, a symptom never noticed in snotsiekte.

In many cases of malignant catarrh, skin lesions are found in

the form of vesicular or papular exanthema and often in the later

stages a profuse scaling of the epidermis. Lesions of this kind have
never been seen on the skin of snotsiekte animals. In the laboratory
the two diseases can be readily differentiated by blood inoculations,

since snotsiekte can be typically reproduced after a period of incuba-
tion of two to five weeks.

(2) Rinderpest is another disease which many South African
farmers know by the colloquial name of snotsiekte. It can, however,

be easily distinguished by its more contagious nature and non-specific

character, for buffaloes, camels, deer, goats, sheep, etc., are sus-

ceptible to it and suffer a heavy mortality during an outbreak. In
rinderpest there is usually a typical diarrhoea, watery, foetid, and
brown in colour. Very often it contains much blood, and in the later

stages shreds of mucus and large pieces of pseudo-membranes. The
above intestinal symptoms are never met with in snotsiekte, in which
the discharges, e.g. urine, faeces, nasal discharge, etc., are appa-
rently innocuous, whereas in rinderpest they are very highly virulent.

(3) East Coast fever may be confused with snotsiekte on account

of the general involvement of the lymphatic glands in both diseases,

otherwise there is very little similarity between the two. A definite

diagnosis of East Coast fever may be made by finding Koch’s plasma
bodies in smears of spleen or lymphatic gland.
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Pathological Anatomy of Srwtsiekte.

Tlie carcass was usually in an emaciated condition, and rigor
mortis was rapid and nearly always present.

The visible mucous membranes were reddish in colour, while the

eyelids were swollen, oedematous, and gummed together by a yellow-
brown discharge. Lips and alae nasi were also swollen and profusely
covered by a dirty brown material. The muzzle showed a thick
crust formed of dried nasal discharge and dirt, on removal of which
numerous small pin-head like erosions were seen.

The integument showed in nearly all cases fresh decubitus over
the subcutaneous prominences, especially the crista zygomatica, pro-

cessus supra-orbitalis, olecranon, tuber coxae, and tuber ischiadicum.
The blood stained well and formed soft coagula. There was
slight discoloration of the subcutaneous tissues, which were fre-

quently moist and in the head and neck saturated with an oedematous
fluid. The skeletal muscles were pinkish-red in colour and in some
cases appeared “par-boiled.” They were firm in consistence and
on section showed very fine grey granules in the interfibrillar con-

nective tissue. Microscopically, many fibres appeared broken, but
fatty degeneration was not common. When present, the fat droplets
were shown by the usual stains as very small dust-like particles.

Zenker’s degeneration was rarely observed. In the connective tissiie

between the muscle fibres and muscle bundles greatly distended
vessels were seen surrounded by colonies of small lymphocytes of

various sizes.

Cysts of sarcosporidia were common, as generally the case with
South African cattle, and found in every section of skeletal muscle
examined.

The subserous vessels of both pleural and pericardial cavities

were frequently injected, but the serosa retained their smooth glisten-

ing appearance. There was never an increase in the amount of fluid

in any of the serous cavities. The diaphragm was convex forwards.

In a few cases it was ruptured by post-mortem distension of the

stomachs.
All the salivary glands were moist, firm, and pinkish-grey in

colour. The tongue, which was usually purple in colour and firm,

showed on section a number of granules. Microscopically, these were
found to be small foci of lymphocytes in the connective tissue between
muscle fibres. The mucosa of the oesophagus was pinkish-grev in

colour and showed numerous small pin-head like erosions, which were
lineally arranged. Microscopically, these erosions were found to be

mere desquamation of the outer layers of the epithelium. Foci of

lymphocytes were present in the connective tissue of the muscular
coat. The mucosa of the nose was markedly swollen, moist and deep-

red in colour and was covered, like the other structures in the nasal

chambers, with thick greenish non-foetid mucous discharge. Towards
the unpigmented portion of the membrane there was invariably a

thick adherent brown deposit, which on being removed revealed the

mucous membrane studded with numerous small erosions. A similar

condition was observed in the paranasal sinuses and horn cores.

Microscopic examination showed colonies of small lymphocytes in

the neighbourhood of the distended blood-vessels and mucous glands,

while the superficial epithelial cells, which were swollen and infil-

trated with fluid, became detached, causing small erosions. The
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brown adherent material noticed microscopically was found on exami-
nation of sections to consist of masses of pyknotic epithelial cells,

erythrocytes, phagocytes, lymphocytes, and necrotic tissue held
together in a stainless coagulated substance. The larynx in 33 per
cent, of cases showed serious changes. The mucosa of the epiglottis

and arytenoid cartilages showed a considerable deposit of the brown
material noticed in the nasal chambers, under which the membrane
was red in colour and eroded. In 67 per cent, of cases the mucosa
was merely swollen, deep pink to red in colour, and covered with
mucus. Plugs of catarrhal material were often found in the rirna

glottidis. Microscopically, the lesions were similar to those of nasal

chambers, the necrotic material covering superficial erosions of the*

epithelium. The upper third of the trachea showed similar changes
to the larynx, but the remainder and the bronchi showed a swollen,

moist, pink mucosa, occasionally studded with lineally arranged
small erosions. Greenish non-foetid plugs of catarrhal discharge
were frequently found, probably aspirated from the uaso-pharynx.
The bronchi were often filled with pink foam. The lungs were
seldom the seat of pronounced change. They were never completely
contracted, and pink in colour. Lobulation was always distinct. A
freshly cut section soon became covered with a large amount of

pinkish fluid which oozed from the parenchyma. On removing this

fluid the parenchyma showed numerous small greyish pin-head like

dots. Microscopically, the bronchi and bronchioles were seen to be

filled with an oedematous fluid, which contained a few desquamated
epithelial cells. The pulmonary vessels contained much blood, while

in the connective tissue about the vessels and near the bronchial

cartilages there were lymphocyte foci of various size, which often

encroached on and even filled many of the alveoli in the vicinity of

the tubes. Occasionally, there appeared to be a slight increase in

the number of small cells in the interalveolar septa. Consequent on

the general stasis and presence of so may cell infiltrations, the

alveoli showed signs of pressure collapse, and many of the interal-

veolar septa were ruptured. Most of the alveoli contained an opaque
stainless fluid, in which desquamated epithelial cells and a few red

blood corpuscles were occasionally noticed. In a few cases (2 per

cent, of all experimental animals) lesions of broncho-pneumonia were
found. The apical and middle lobes were generally affected, always

on the side which showed decubitus. The affected lobes were promi-

nent, greenish in colour and liver-like in consistence. Numerous
pea-like centres were noticed, which on section contained pus and

foetid disintegrating lung tissue. The bronchi showed a swollen

green mucosa and were often filled with masses of semi-fluid necrotic

tissue and greenish foam. Microscopically, there were all the lesions

of a broncho-pneumonia. Necrosis appeared to be the fate of the

diseased areas, though in some parts of the lesion there was increased

fibroblastic activity.

The epicardial fat was generally soft. The myocardium was
frequently yellowish in colour, but the consistence was seldom soft.

In a few cases the cut surface of the muscle showed pinkish white

granules, but this was never very marked.

Microscopic examination showed many of the muscle fibres to

be in a state of cloudy swelling, but extensive fatty degeneration was
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never seen, being, when present, confined to few fibres. The capil-

laries always contained much blood, while in the intermuscular con-

nective tissue colonies of small lymphocytes were found of variable

size, always most noticeable near the capillaries. Sarcocysts were
invariably found.

There was no apparent change in any of the systemic vessels.

The severity of the lesions in the alimentary canal differed in a

marked degree. In some cases the whole tract showed similar erosions

as noticed in the air passages, with the overlying deposit of necrotic

material, while in many cases the mucosa only showed submucous
extravasations of blood of different sizes varying from a pin point

to a diffuse extravasation. In all instances it was greatly thickened,

and in colour varied from a pink to a deep port wine. Peyer’s patches
and solitary follicles were swollen, prominent, and firm in consistence.

Microscopically, there were numerous colonies of small lymphocytes
within the villi and in the muscular layer, while all the lymphnodes
and Peyer’s patches were so densely crowded with lymphocytes that

the architecture of the submucous tissues was entirely obscured.

In these cells mitotic changes were frequently observed. Desquama-
tion of the mucosa was common, though ulceration was rare, only
being seen in the abomasum.

The pancreas showed a slight increase in volume and had a pinky
granular appearance, due to numerous lymphocyte foci in the inter-

alveolar connective tissue.

The liver in every case was severely affected. Usually greatly

enlarged, it contained much blood and was often deeply bronzed or

yellow in colour. Consistence was generally firm, except in small

putty coloured areas, where it was soft. Microscopically, these had
undergone fatty degeneration, which appeared to commence near the

central vein and spread out towards the periphery of the lobule. A
pronounced feature of the snotsiekte liver was a pink granular or

mottled appearance, which on microscopic examination was found
to be due to the numerous colonies of lymphocytes in the connective

tissue of the portal systems, seldom in the liver lobules themselves,

which were generally greatly affected by the increased pressure at

their periphery. In some instances these foci extended over a whole
microscopic field and were found crowded between the hepatic cells,

which at the same time showed changes due to pressure atrophy.

The central veins were full of blood, and the hepatic cells were pushed
apart from their neighbours by a great congestion of blood corpuscles

in the liver sinusoids.

The gall bladder was usually distended with inspissated green
bile. Its mucosa in some cases showed numerous small erosions,

which on microscopic examination were found to be the result of

desquamation of the superficial layers of the epithelium.

The spleen always contained a large quantity of blood. Fre-

quently it was in the state of tumor splenis, though the pulp was
always firm in consistence. The malpighian bodies were very pro-

minent, white in colour, and as large as split peas. Microscopically,

ibis organ showed a very large amount of blood. The follicles were
overcrowded with cells resembling lymphocytes, which were specially

dense in the centre, the periphery of the follicle being much more
open. Mitotic figures were very common in these cells, and amitosis

evidently also occurred but less commonly. Unna’s plasma cells as
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well as many neutrophil leucocytes were also found in large numbers.
Small colonies of lymphocytes were observed near the small blood-

vessels in the trabeculae and the capsule of this organ.

The kidneys were sometimes embedded in a soft gelatinous

material. The capsule was removed with some difficulty, slightly

tearing the surface of the organ, which was mottled, and showed
numerous whitish bodies varying in size from 3 mm. downwards,
embedded in the normal coloured parenchyma. Here and there were
noticed soft yellow areas, which lay below the level of the surround-

ing surface.

(hi section, the cortex was greatly swollen and studded with
numerous small greyish granules, between which were depressed strips

of kidney tissue. The medulla was deeper coloured than normal,
but otherwise nothing unusual was noticed. Microscopically, lym-
phocyte foci of different sizes were found in the neighbourhood of

the renal vessels and their branches.

Many of the foci were very large and occupied a whole micro-

scopic field, swamping and obscuring1 the structure of the kidney.

These cell masses occurring in the intertubular connective tissue

crowded over the tubules, some of which were obliterated, while

others were occluded to a variable extent by pressure. The lymphoid
elements of the glomeruli were greatly increased in number, so that

sometimes Bowman’s capsule was entirely filled. The cell masses
contained many plasma cells.

Most of the tubular cells were in a state of cloudy swelling

;

while fatty degeneration was generally localized and seldom severe.

Ii was commonest in the convoluted or spiral tubules. In every case

the renal vessels and capillaries were greatly distended with blood.

The ureters were normal
;
but the mucosa of the bladder was

often swollen, deep red in colour and showed in many cases small

shallow erosions.

The sexual organs showed no gross lesions; the mucosa of the

genital tubes and passages was generally deeper red than usual,

and showed small pinkish areas, which microscopically proved to be

foci of lymphocytes in the vicinity of distended blood-vessels.

An unusual lesion was found in most cases (90 per cent.) near

the follicles of the long hairs of the sheath in the male, and on

tlie floor of the vulva near the labiae vulvae of the cow. This lesion

was merely an eroded mucosa covered by a thick quantity of necrotic

material. It was constant in position and seldom extensive. No
macroscopic changes were noticed throughout the nervous system.

Microscopically, however, lymphocyte foci of various sizes were
found about the blood-vessels in the trabeculae of brain and
spinal cord. The slight increase in the number of lymphocytes was
also noticed in the substance of the brain, but always immediately
beside small capillaries. A similar condition was observed in the

epineurium and perineurium of any of the peripheral nerves, but in

no case were any degenerative changes noted in the actual nervous

tissue.

The marrow of the femur and humerus was soft and fatty. The
cornea of both eyes generally showed a diffuse but slight opacity,

which in some cases was intensified to a deep white colour. The
lesion apparently commenced at the periphery of the organ and spread

towards the centre. Microscopically, there was a general increase in
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the number of cells of the small lymphocyte type in the substantia
piopia. No intraocular lesions were ever observed. Changes of

pathognomonic significance were seen in all lymphatic glands, which
were greatly increased in size, very firm in consistence—unless
suffused witli blood, when they felt like dough—and surrounded by
a transparent gelatinous fluid. On section, they were very moist and
swollen. In colour, the cut surface varied from a deep creamy pink
to a diffuse port wine, while the cortex showed small elevations,

varying up to 1.6 cm. in diameter. Microscopically, these raised

areas proved to be germinal centres overcrowded with numerous
lymphocytes.

The haemolymph glands were also greatly affected, especially

those placed along the vertebral column, in the sacral and lumbar
regions, and near the prescapular glands. They were a deep red
colour, firm, and about the size of a cherry. On section, they were
swollen, moist, and showed numerous greyish pin-point granules.
Microscopically, these glands were suffused with blood and contained
dense foci of the cells of the small lymphocyte series.

The Evolution and Histology of the Lymphocytic Foci.

The characteristic lesions of snotsiekte, which are found in all

lymphatic glands and in all lymphoid tissues throughout the body,
proved to be lymphocytic foci which vary greatly in size from a

single layer of small lymphocytes around a bloodvessel to a very
large cell mass, which may extend over a large part or the whole
of a microscopic field. The size of the foci depends on their age,

the smallest generally—but not always—being the youngest. The
exception appears in places where there is a considerable number of

lymphocytes normally, as in the lymphnodes of the intestine, where
large foci are found at an early phase of the disease.

The initial stage in the development of the lesion is a stasis of

blood in the vessels of the part, which perseveres throughout the
disease. This is at first followed by the appearance of some erythro-

cytes outside the blood-vessels and very shortly followed by an increase

in the number of small lymphocytes in the immediate vicinity of the

vessels, forming distinct foci staining readily with haematoxylin or

haemalum. After they have once appeared, the cells of these foci

increase so rapidly in number that surrounding structures are invaded
and the lesions take on the appearance of a well-defined new growth,
containing many engorged blood-vessels.

These rapidly growing foci are mostly formed of cells which are

analogous to the small lymphocytes of the blood. Rarely are found
neutrophil leucocytes, monocytes, large lymphocytes, and plasma
cells. The plasma cells are round or oval in shape and have an
excentric nucleus which here and there shows prominent coarse nodes
of chromatin.

Within the large foci high magnification shows that the tissue

of the part forms a kind of stroma for the growing cell masses.

The tissue is considerably broken up and in a degenerated condition
with pyknotic cells. The cells of the liver, kidney, and muscle fibres

are found in a “cloudy swelling condition ” or fatty. In the lymph
follicles of the lymphatic gland and the spleen the foci are so large

and crowded that the normal architecture of the follicle becomes
obscure or even obliterated.
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Many of the lymphocytic cells show mitotic and amitotic changes,
while giant cells are fairly frequently noted in spleen and lymphatic
glands.

These giant cells are four to six times as large as the surrounding
lymphocytes but seldom contain more than three nuclei, which lie

towards the periphery of the cells. When these lymphocytic foci

occur in connective tissue and trabeculae the normal fibroblasts of

the part show no activity, and there are apparently no attempts at

encapsulating the cell foci, which at first sight resemble small

cell sarcoma, with the important difference that the cells of the foci

are not of connective tissue origin.

The evolution of the changes may be followed m experimental
cattle throughout the period of incubation and illness by examining
suitably prepared smears from lymphatic glands. For two or three

days following inoculation of blood, the glands of these animals
show a hyperaemia, which subsides within ninety-six hours, and noth-
ing further is noticed until the sixth or seventh day or so, when some
activity is apparent in the small lymphocytes which increase in

numbers, dividing by amitosis and mitosis. The amitotic changes
are not as common as the mitotic, which appear to occur normally,
and they take place as follows:—Impending division is shown by
a slight bilateral indentation or notching of the lymphocyte wall.

The exact position of the indentation varies : sometimes they are

placed close together towards the poles or else they are nearly equa-

torial, with the result that the size of the daughter cell may vary
considerably. Simultaneously with these changes •.here is a redis-

tribution and concentration of chromatin near the indentations, which
rapidly increase in size. Delicate achromatin fibres are seen con-

necting the chromatin nodes near the indentations and the maternal
nucleus. Complete separation of the daughter cell occurs when the

indentations fuse. These changes are rare before the appearance
of clinical symptoms, but they are accelerated after the first rise of

temperature. The larger lymphocytes do not show any noticeable

changes, which appear to occur specifically in the smaller type of

cell. In some acute cases an occasional immature lymphocyte
may be found wandering in the circulation (smears were always pre-

pared from jugular blood), though never in sufficient numbers to give

the blood a leukaemic appearance. Soon after the rise of tempera-

ture all the lymphatic glands became suffused with blood and con-

tained an increased number of neutrophil leucocytes.

Similar changes may be noticed in all lymphatic structures in the

body, the cell foci being formed by an increase in the lymphocytes
identical to the normal lymphocytes of the blood.

Degenerative changes were noticed in the parenchymatous struc-

tures such as the liver, kidney, and in muscle, and these were vari-

able in their severity and extent even in the same organ.

It is worthy of note that sarcocysts, which occur commonly in

striped and cardiac muscle, are generally unaccompanied by any
retrogressive changes in their surrounding tissues.

In conclusion, it appears that the snotsiekte virus causes a general

marked hyperplasia of small lymphocytes without, however, pro-

ducing changes of a leukaemic nature in the blood. In order to
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respond to the stimulus of the virus the majority of existing lym-
phocytes divide directly, forming large tumour-like masses, the stroma
of which are supplied by the disintegrated and degenerated tissues of

the part affected.

As has already been mentioned, nj fibroblastic activity is apparent
and the stroma is furnished by engorged blood-vessels or by degenera-
ting tissues. Most of the lymphoblastoma, according to Mallory,
metastasize by the lymphatic stream, but in this respect snotsiekte

differs in that the virus is present in the blood, and all the foci

probably result from the direct action of the virus on the lymphocytes
in the various tissues rather than from being metastasized from lym-
phocytic foci in some distant organ or tissue.

The foci grow rapidly and rarely show degenerative changes.
In the liver, necrotic areas have been seen in some of the larger

foci, probably as the result of pressure on the capillaries or blood-
vessels of the part.

As regards the hyperplasia of lymphoid tissue, snotsiekte bears
some resemblance to lymphatic aleukaemia of the human being with
the exception, however, of some differences as regards the blood
picture, viz., an actual decrease in the number of lymphocytes and an
increase in the number of neutrophils. However, our knowledge with
reference to the question of leukaemia and aleukaemia in domestic
animals as compared with those in the human being is very meagre.
One is confronted with very incomplete data, especially as regards the

haematology and the miseroscopic appearances. The names employed
in human pathology for definite, more or less characteristic leukae-

mias and aleukaemias, have been introduced in the Veterinary Litera-

ture. The question whether these leukaemias and aleukaemias as

described in the human being actually occur in the domestic animals
has still to be settled, and can only be settled in a more careful

study of these diseases, especially as regards the haematology and
the microscopic appearances.

^Etiology.

A .—Nature and Location of the Virus.

Frequent reference has already been made to the infectivity of

the blood of snotsiekte cases, and the protocols of Appendix I show
that experimentally the disease can be transmittel to healthy cattle

by the inoculation of blood of sick animals.

It has also been shown that the blood of some wildebeest contains
the virus which by some means is transmitted to in-contact cattle.

Examination of blood smears never gave any clue to the nature
of the virus, which experiments show to be located in the erythrocj tes.

Specialized methods of staining such as Levaditis silver method, wet
and dry Giemsa, and the employment of Congo red and China ink

gave no assistance in the detection of the virus. Attempts to culti-

vate the virus on ordinary media aerobically or anaerobically also

failed, for, except in obviously contaminated cultures, no growths were
obtained. The employment of media successfully introduced by
Noguchi and others for the cultivation of the spiroehaete of yellow

fever, the Negri bodies of rabies, etc., gave no results. Many fresh
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media containing- sterile rabbit and ox serum and aseptic ‘organic

tissue were made up, but all failed to give any growth.

The absence of any organisms in the blood of patients as well

as the repeated sterility of all culture media suggested the ultra-

visible nature of the virus. But although every effort to discover the

virus microscopically failed, it was soon proved that the virus did
not pass through an ordinary coarse Berkefeld bougie, even when
neavily diluted. (For experiments see protocols in Appendix III.)

The virus thus appears to be ultravisible but non-filtrable, and in this

respect resembles the virus of cattle plague, which, however, under
certain conditions readily becomes filtrable (see Appendix YI). It is

quite possible that the virus of snotsiekte is on the border line of

visibility, and only remains undetected on account of the absence
of a suitable stain. It is apparently larger than the pleomorphic
organisms of bovine pleuro-pnemnonia which, though just visible,

readily filter through a Berkefeld bougie of the same porosity that

rejects the snotsiekte virus, diluted or otherwise.

Progressive experiments show that the virus is present in the red

blood corpuscles of sick animals, because washed red cells contain

the virus and serum free from erythrocytes is lion-infective. Serum
slightly discoloured by red cells is virulent, whereas serum discoloured
by haemoglobin and containing no discernible red blood corpuscles

is innocuous. The virus, therefore, is apparently more intimately
connected with the stroma of the corpuscles than with the haemo-
globin.

The disease can be readily set up in cattle by the subcutaneous
or intravenous inoculation of 1 to 5 c.c. of virulent blood. Uncertain
results follow if' smaller dose than 1 c.c. are given, and minute doses

of blood are not capable of reproducing snotsiekte, whereas in rinder-

pest 0.01 per cent, blood sets up the disease in its most fatal form
(Xicolle). The amount of blood inoculated does not curtail the period

•of incubation, influence the severity of the symptoms or the histo-

logical lesions.

The blood soon loses its virulence in vitro. It is rapidly destroyed

by putrefaction and exposure to 30° C. for five days. Its virulence
is retained if blood is kept on ice (5° C.) for eleven days, but after

the fourteenth day it has quite disappeared.

Heating blood to 70° C. for two hours destroys the virus, though
exposure of virulent blood to 5 per cent, carbolic acid two hours fails

to do so.

The potency of the virus appears to vary greatly in the same
patient from time to time. One animal (cattle Ho. 38) sickened for

twenty-four hours after an injection of virulent blood, but injection

of its blood into a second animal produced the disease in a virulent

form. The blood of cattle Xo. 4482 failed to set up the disease m one
animal, whereas on the following day its blood was virulent enough
to kill another animal within three weeks. Irregularity in potency
appears to be not uncommon in some of the filtrable viruses, though
its exact significance is not definitely understood.

In the few cases that clinically recovered, the virus had disap-
peared from the blood just before the abatement of the symptoms.
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B .—Examination of the blood failed to give any clue to tlie

nature of the virus in the red blood corpuscles. It was considered
1 ha t as the result of the general lymphoid hyperplasia changes of a
leulcaemic nature might he found in the blood, but at no phase of
the disease was there any marked appearance of pathological leuco-
cytes of any kind; the most that was found being an occasional
dividing or immature small lymphocyte.

1. Physical Changes .—The specific gravity of the blood was
normal, and coagulation proceeded along physiological lines. In
most cases the serum was slightly pink in colour as the result of
haemolysis, an extreme degree of which was rare. The red count
showed nothing specific, but immediately before death in all

patients examined there was a rapid increase in the number of red
cells. This, however, is not rare and occurs in many diseases. The
haemoglobin content of virulent blood was normal. The white count
fluctuated slightly from day to day, but never markedly exceeded
the normal average count.

2. Throughout the disease the majority of red cells showed noth-
ing unusual, but in some cases especially just before death normo-
blasts appeared. They never became abundant and in most patients
were not observed at all. Anisocytosis and poikilocytosis were not
noticed, but polychromatophilia was fairly common and generally
found in cases showing a large increase in the number of small
piroplasms. It was quite usual to find small piroplasms in the blood
of the experimental cattle before inoculation in rare numbers and
they seemed to increase in number on the appearance of the fever.

These piroplasms

—

P. mutans—often appear in large numbers in sick

animals, and in snotsiekte were probably the cause of any anaemia
that was noticed. In one cow a few P. bigeminum appeared in the

jugular blood prior to death, but no symptoms of bovine piroplas-

mosis were observed.

3. The individual leucocytes showed variable changes, the most
interesting being a rapid increase in the percentage of neutrophils,
so that the leucocytic picture resembled that of any bacterial disease.

In healthy cattle the neutrophils form 30 to 40 per cent, of the total

white elements of the blood, but in snotsiekte after the first rise of

temperature the percentage steadily increased, and just before death

80 per cent, of the total leucocytes were neutrophils. The neutrophils
included types which were not typical of the ripe cell. These were
for the present regarded as young forms of neutrophils. In one
case (Cattle Ko. 49) the neutrophil count on the day before death
was TO per cent., of which GO per cent, constituted these young forms.

As soon as the symptoms of snotsiekte appeared the eosinophil

and basiphil leucocytes disappeared from the circulation and were
not noticed in any sick animal.

The percentage of monocytes varied very little throughout the

disease and they showed nothing remarkable structurally.

The small lymphocytes averaged 65 per cent, to TO per cent, in

the experimental cattle before inoculation with virulent blood, and
they kept up this percentage until the initial rise of temperature,

when they rapidly decreased in number. Very rarely were immature
lymphocytes found in the circulation.
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In conclusion, examination of the blood gave no assistance in

the detection of the virus of the disease, and the changes in the red

cells were very slight and probably due to some other agent than the

virus, e.g. P. mutans. The leucocytes were not specifically affected,

and despite the pronounced lymphocytic cell hyperplasia, the small

lymphocytes were actually numerically decreased in the circulation.

C.

—

Immunity .—Owing to the very high mortality very little

opportunity was given to study the immunity aspect of the disease.

Some preliminary work was done on a few mild cases that had
recovered clinically, but the results can only be described as unsatis-

factory.

It was especially desired to see if the serum of a clinically

recovered case was capable of immunizing an animal against the

disease or if the serum possessed any curative properties.

The case of cattle No. 4488 is quoted because it was one of a few
animals out of some fifty experimental cases that clinically recovered

from the disease. It was first inoculated on 26th May, 1920, with
85 c.c. defibrinated blood from cattle No. 38. On 17th June the tem-
perature rose to 106.4° F., soon fell to 103° F., about which it fluctu-

ated until 28th June. During this time it showed mild symptoms of

snotsiekte, but the corneal lesions were severe and caused total blindness.

By 1st July the animal had greatly improved in spirits and condition,

bnt was still blind from the diffuse opacities. On 19tli July it was
decided to hyperimmunize, and 2000 c.c. of virulent blood was given
to it by direct transfusion from cattle No. 4482. Nothing was noticed,

and the animal continued to put on condition. On 16th August a

further transfusion of 1650 c.c. of virulent blood from cattle No.
70 was given, but on 3rd September signs of illness appeared, and
on the 9th the animal died from typical acute snotsiekte.

Similar results were obtained in other cattle that recovered from
a first attack of the dis.ease.

It is evident that little or no immunity is conferred by one
attack of the disease, though cattle No. 4488 may have had sufficient

immunity conferred by the first attack to resist 2000 c.c. of blood

inoculated within three weeks of recovery. On the other hand, it is

equally possible that the blood of cattle No. 4482 was non-virulent
on the day of transfusion, for as has already been mentioned, there is

undoubtedly a periodic variation in the potency of the virus.

No opportunity was afforded to try the curative powers of snot-

siekte serum, but it is most likely that it would prove of little value.
In fact, the nature of the histological lesions appears absolutely antago-
nistic to any conception of immunity or prophylaxis in such a disease

as snotsiekte, let alone any idea of cure, whether by drugs or biologi-

cal therapy.

Conclusions.

1. Snotsiekte (Afrikaans for mucous sickness) is an acute febrile

specific disease of cattle, almost invariably fatal.

2. The disease breaks out when cattle and black wildebeest
(Connocliaetes gnu

)
are associated together in the presence of an

unknown vector, which at present is regarded as an ectoparasite of
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1 lie wildebeest. Experimentally, tbe disease can only be set up in

cattle by the intravenous and subcutaneous inoculation of blood.

3. In cattle the infection is present in the blood and organs
during the course of the disease. In the few animals that had
apparently clinically recovered, the blood proved innocuous on further
inoculation.

Although wildebeest have been found to harbour the virus, they
have never been observed to show symptoms of the disease.

4. Under natural conditions the period of incubation appeared
io be about one month, but experimentally, symptoms are noticed
two to four weeks after inoculation of virulent blood.

5. The disease is accompanied by very high temperature, which
usually falls to the neighbourhood of 103° F. prior to death. There
is a typical mucous discharge from eyes and nose, which becomes
thick and brown in colour as the disease progresses. Visible mucous
membranes are deeply congested, and small erosions are usually seen
on the nasal mucosa covered by nasal discharge and a dense mass of

necrotic material. Every lymphatic gland in the body is swollen,

hard and greatly enlarged, but not painful. There is an obstinate

constipation, but very rarely diarrhoea, which is never haemorrhagic
or foetid. Both corneae show slight opacities, which become denser

during the course of the disease, causing blindness. The course of
the disease is from four to ten days, death being preceded by decu-
bitus—sometimes prolonged—and coma.

6. On autopsy the various mucosa are found markedly congested.
Especially in the upper air passages there is a considerable amount
o £ superficial erosion of the upper layers of the epithelium, and
necrosis is fairly common. The tissues are oedematous, and the vessels

contain a large quantity of soft coagulated blood. All lymphatic
glands are enlarged and firm in consistence, and on section, swollen,

pinkish, and moist, while the cortex shows prominent centres which
are raised above the surrounding tissue. The alimentary mucosa is

swollen and congested, while small ulcers may be found in the

abomasum. The liver and kidney contain a large quantity of blood,

and show well-defined wrhite areas, which vary in size and shape.

Those areas appear most frequent about the blood-vessels and may
fuse to form toug'h light grey nodules, especially in the cortex of the

kidney. Fatty degeneration may be noticed in these organs as well

as in the heart muscle. The spleen is swollen and full of blood.

The malpighian bodies are very prominent and creamy pink in colour.

Both corneae are tough, inelastic, and vary in colour from a slight

pink haziness to a deep white opacity. The lungs are oedematous,
while the trachea and bronchi show submucous petechial haemorrha-
ges. No macroscopic changes are noticed in the actual nervous
system.

T. Histologically, there is a general hyperplasia of small lym-
phocytes in places where these cells are found normally, except
in the blood stream. Every organ and tissue, including the central

nervous system, shows lymphocytic cell foci of varying sizes in the

immediate vicinity of blood-vessels, which are always full of blood.

The tissues and organ parenchyma rarely show any changes, though
fatty degeneration is not uncommon in the cells of the myocardium,
liver, and kidneys, while many of the cells show changes described
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as “ parenchymatous degeneration.” More commonly, there are dis-

turbances due to pressure, caused by the large cell foci and over-

distended blood-vessels. In the respiratory and alimentary systems
the superficial cells of the mucosa are desquamated, having shallow
erosions, which soon become covered by a mass of tissue and cell

debris, which undergo necrosis. Very rarely—and then usually in

the fourth stomach—do the erosions become ulcers.

8. The cause of the disease is an ultra-visible but non-fiitrable

organism located in the red blood corpuscles, but occasioning only a

slight haemolysis in some cases. Serum free from red cells in non-
inf'ective. The virus has not been discovered on microscopic exami-
nation of the blood, nor has it been cultivated. It is destroyed by
heating blood to 70° c. for two hours and by putrefaction. It may
be preserved in the ice-chest for fourteen days, but afterwards rapidly

i eoomes innocuous.

9. The blood-clianges are merely these of a bacterial disease

and not of a specific blood disease.

10. Recovery is rare, but may apparently occur after mild attacks

without, however, conferring immunity. Experimentally, only two
eases out of seventy (3 per cent.) did not succumb to the disease.

Appendix I.

A .—Transm ission Experim en tn

.

Experiment I .—(8. 749, S. 790, S. 788, and S. 816.)

To determine whether snotsiekte is transmissible by blood inocu-

lations.

(a) Cattle Nos. 33 and 52 were injected intrajugularly with

100 and 200 c.c. respectively of oxalated blood from cattle No. 61
suffering from acute snotsiekte.

Both animals contracted the disease in typical form. No. 52
died in thirty days and No. 33 in twenty-seven days.

(b) Cattle No. 21 was injected intravenously with 100 c.c.

citrated blood from cattle No. 17, an acute case of the disease.

The animal died from the disease seventeen days after inocu-

lation.

(c) Cattle No. 16 was injected intrajugularly with 75 c.c.

defibrinated blood from infected cattle No. 52.

Death from typical snotsiekte occurred in thirty-two days.

(d) Cattle Nos. 66 and 58 were inoculated subcutaneously with
150 c.c. of oxalated blood from affected cattle Nos. 4023 and 4503
lespectively. Both animals died from acute snotsiekte, No. 58 in

twenty-two days and No. 66 in twenty-five days.

Conclusions.—The disease can be transmitted from sick to healthy
cattle by intravenous or subcutaneous inoculation of virulent blood;

defibrinated, oxalated, or citrated.

Experiment No. 2.— OS. 812.) To ascertain whether snotsiekte

can be transmitted by virulent blood administered per os.

Cattle No. 42 was drenched with 4 litre of oxalated virulent

blood from cattle No. 4488 suffering from acute snotsiekte. A month
later a second dose of 2 litres of blood was given.

The animal remained healthy.

Experiment No. 3.—(S. 882.) To observe the result of inocu-
iating susceptible cattle with bile from an acute case of snotsiekte.
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Cattle No. 84 received, intrajugularly 150 c.c. of bile from
cattle No. 37 and No. 4432, both co,ses of typical snotsiekte.

The animal remained healthy.

Experiment No. 4.—(S. 860 and S. 882.) To determine whether
snotsiekte can be transmitted by the intravenous inoculation of urine
from a virulent case.

Cattle No. 49 received 150 c.c. urine intrajugularly from cattle

No. 4432.

The animal never showed signs of snotsiekte.

Experiment No. 5.— (S. 882.) To determine whether snotsiekte

can be set up in cattle by (a) drenching with an emulsion. of nasal

discharge, ( b

)

subcutaneous inoculation of the same emulsion.
(a) Cattle No. 4556 received in a drench 500 c.c. of a catarrhal

emulsion obtained by mixing catarrh of cattle Nos. 37 and 4422 in

saline.

(b) Cattle No. 39 received 20 c.c. filtered emulsion of nasal dis-

charge subcutaneously.
Snotsiekte cannot be sel up by drenching or inoculating healthy

animals with nasal discharge from affected cases.

Experiment No. 6.—(S. 882.) To determine whether snotsiekte

can be produced by drenching au animal with the alimentary ingesta

of a case of acute snotsiekte.

Cattle No. 4772 was drenched with 1400 c.c. of ruminal, abo-

masal, and enteric ingesta obtained from the carcass of cattle No. 37,

which died of acute Snotsiekte.

The animal remained healthy.

Experiment No. 7.—(S. 772.) To determine whether horses are

susceptible to the snotsiekte virus

Horse No. 6216 received intravenously 200 c.c. blood from cattle

No. 52, a typical case of the disease.

Negative; although kept under observation for two months no
symptoms of snotsiekte were noticed. This experiment was later

repeated on the same animal with negative resiilts.

Experiment No. 8.—(S. 771 and S. 743.) To determine whether
sheep are susceptible to the virus.

Sheep Nos. 71, 1054, 15180, and 23 were inoculated intravenously
with 50 c.c. blood from affected cattle No. 64, and sheep No. 100
received intravenously 50 c.c. oxalated blood from cattle No. 63.

Sheep are not susceptible to snotsiekte virus.

Experiment No. 9.— (S. 905.) To determine whether snotsiekte

virus is able to produce the disease in poultry.

Fowls Nos. 4, 5, 6, and 7 received subcutaneously ten to fifteen

c.c. blood from cattle No. 76 dying from snotsiekte.

The fowls remained healthy.

B.—T'ransmUsion Experiments with bloodsucking Trice.

Experiment No. 10.—(S. 896.) To determine whether snotsiekte

can be transmitted from wildebeest to cattle by blood-sucking wilde-

beest lice (Linognathi).
Lice from wildebeest sliot for material were collected and placed

on body of cattle No. 4864.

The animal remained healthy and never showed any rise of tem-

perature.

Note .—This experiment has been mentioned in the text and its

inconclusiveness noted. Subsequently, the wildebeest from which the
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lice were obtained was found by experiment not to harbour the virus
of snotsiekte in its blood.

Experiment No. 11.—(S. 897.) To determine whether snotsiekte
can be transmitted by transferring blood-sucking lice from an affected
case to a healthy one.

Lice (Haematopinus and Linognathi) were picked off cattle No.
19 suffering from acute snotsiekte and placed on two healthy animals,
cattle Nos. 3223 and 4489, with negative results.

C .—History of First Case of Snotsiekte Produced ExperimeniaUy

.

During the last outbreak of snotsiekte in the Orange Free State,

a wildebeest was shot and its blood collected in oxalate solution.

On arrival at Onderstepoort, this was immediately inoculated into a

susceptible animal, which fourteen days after injection, showed a
Temporary rise of temperature to 105° F., but it never sickened, and
ou subsequent days did not again show fever. While showing the

lise, it was bled and a second animal inoculated, which developed
typical snotsiekte, dying within six weeks of injection.

Experiment No. 12.—(S. 738.) To ascertain whether the disease

can be produced in cattle by inoculation of wildebeest blood.

Cattle No. 38 was inoculated intravenously with 150 c.c.’s of

blood from wildebeest in contact with cattle No. 76 (see Appendix 2).

iSo clinical symptoms were noticed, but on the fourteenth day there was
a rise of temperature to 105° F. which fell back to normal next day.

Experiment No<. 13.—(S. 749.) To find out the result of inocu-

lating blood on the day a rise of temperature is first shown.
Cattle No. 65"' was injected intravenously with 200 c.c. blood

from cattle No. 38, and within six weeks of inoculation, the animal
died from acute snotsiekte.

Experiment No. 14.—(S. 881.) To determine whether ox No.

38, which survived Experiment No. 12, was immune against snot-

siekte.

On 22nd April, 1920, cattle No. 38 received 150 c.c. of blood

from a wildebeest and remained healthy until 5th May, when it

showed a sudden rise of temperature to 104.6° F., but no other

symptoms. It was subsequently kept under observation until 7th

July, but nothing unusual was noticed. On 6th August, it received

intrajugularly 10 c.c. of virulent blood from cattle No. 4432. and
on 22nd instant developed into an exceptionally acute case of the

disease, dying on 27th August.
This experiment proves that animals which are only slightly

affected by one inoculation of virulent blood, readily succumb to a

subsequent dose.

Confirmed by Experiments Nos. S. 766 and S. 880.

Appendix II.

1. Cattle No. 76, a two-year-old, unbroken, Friesian bullock, was
one of the two animals admitted to the laboratory from Clocolan on

the 22nd April, 1920. It was in poor condition and rumination was
irregular. The animal was dull and there was slight watery saliva-

tion. On both corneae there was a diffuse pearly-white central opacity,

which at first caused defecfive vision and later on complete blindness.

The temperature fluctuated between 100 to 104° F., but pulse and
respiration were normal. Superficial lymphatic glands were slightly
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enlarged, and non-painful. There was a slight serous nasal dis-

charge.
On 12th May a steady improvement was noticed, which was

maintained, and on 4th June the animal was in very good condition.
On 15th June the temperature rose steadily to 105° F., but on 12th
instant it fell hack to 102° F. During these two days, the animal
appeared ill and weak, while there was slight nasal discharge, hut
after this temporary relapse, the animal gained rapidly in condition
and spirits, and became very difficult to manage.

On 6th August it was decided to test if the animal had
become immune against snotsiekte after recovering from a mild
attack, and on that date, it was inoculated with 200 c.c. virulent
blood intrajugularly. Seventeen days afterwards the temperature
steadily rose, reaching 106.8° F. on 23rd August and 106.4° F. on
the 24th. It then fluctuated between 103° F. and 105.6° F. and fell

suddenly to 100.6° F. on 27th August, on wrhic-h evening the animal
died.

During the final illness, all the symptoms of acute snotsiekte

developed, hut the course was especially marked by severe prostration,

oedema of the head and neck, marked dyspnoea, and severe nasal dis-

charge. The lymphatic glands were large but not painful.

Autopsy was made within four hours of death. Condition fair.

Decubitus over elbow and near side of chest. Visible mucous mem-
branes swollen, moist, reddish-purple in colour. Both eyelids greatly

swollen and oedematous. Nostrils swollen and covered with greenish

brown mucous discharge.
Blood stained well and formed firm clots. Subcutaneous tissues

oedematous and injected.

Salivary glands were moist and pinkish-white on section. All

lymphatic glands were greatly increased in size. On section, they
were swollen, moist, and varied in colour from pinkish-white to a

deep red. Germinal centres prominent, wfiiite in colour, and
measured between 6 to 10 mm. in diameter. Tonsils very firm,

white in colour, and about the size of walnut. Mucosa of oesophagus
deep red in colour. Tongue showed numerous small pin-head like

erosions, specially on the tip and the anterior portion of the lower
surface.

The nasal mucosa was reddish-black in colour, swollen, moist, and
covered with greenish mucous discharge. The mucosa of pharynx
and larynx was purple in colour and showed numerous pin-head like

erosions. The trachea showed numerous submucous petechial

haemorrhages—averaging the size of a pin-head. Lower portion of

trachea and the bronchi were full of pinkish foam. Their mucosa
was moist and pinkish in colour. Tbe lungs were contracted, reddish-

purple in colour, moist, and of normal consistence. On section, the
surface soon became covered with pink foam, which exuded from the
parenchyma and was easily scraped off, showing the lung tissue to

be dotted with numerous very small whitish specks.

Epicardium pinkish-red in colour. Myocardium swollen, moist,

reddish-brown in colour, and very firm.

The liver weighed 29.2 lb. It wras very tough in consistence,

and pinkish-brown in colour. Lobulation not very distinct.

Numerous whitish granules were seen scattered throughout the livei

tissue, apparently most mimerous at the periphery of the lobules.
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The organ, on section, contained much blood and had a swollen,
pinkish-white appearance. Numerous small pale granules were
readily noticed, especially near the larger veins, but occasional ones
were seen inside the lobules themselves.

Gall bladder was full of a g-reenish yellow bile. The pancreas
was larger than normal. It was very firm and creamy pink in colour,
( >n section, it showed numerous, small pinkish petechial haemorrhages.

The spleen measured 60 by 18 by T cm. Tumor splenis. On
section, malpighian corpuscles were very prominent and white in

colour. Pulp very red and somewhat soft.

Nothing unusual was seen in the suprarenals. The capsule of

the kidneys was easily removed, showing a mottled cortex due to

the presence of numerous grey pin-head foci. On section, malpighian
tufts not prominent, hut the cortex generally was swollen, pinkish-
grey in colour, and very firm. Medulla deeper coloured than nor-

mally.

The mucous mend rane of 1-3 stomachs was pinkish in colour,

md showed a few shallow erosions. In the abomasum, it was pink
in colour, very moist, showed a few small shallow ulcers.

The mucosa of the small intestines was swollen, moist, and deep
red iu colour, and showed the same small pin-head like erosions noted
in the rumen, etc.

In the caecum and colon, the mucous membrane was swollen

and red in colour, hut the terminal portions of colon and rectum were
much more severely affected and deep in colour.

The bone marrow of femur and humerus was replaced by fat.

The cornea of right eye was thick, tough, and white in colour.

Microscopic Examination

.

Throughout the whole body there was a marked increase in the

number of small lymphocytes. Sections of lymphatic gland showed
that the germinal centres were greatly overcrowded, and full of lym-
phocytes and immature cells in various phases of evolution. The
centres were sharply marked off, and the normal architecture of the

gland easily made out., as the cells in the remaining tissue were not

greatly increased in number.
Liver showed lymphocytic foci of varying sizes in the connective

tissue of the portal systems. These cell masses, when large, had the

appearance of lymphocytic tumours, and the neighbouring liver cells

were swamped by the numerous invading cells, which advanced into

intact areas by passing along the spaces between individual hepatic

cells.

There appeared to be a slight increase in the number of lym-
phocytes in the liver spaces. The liver lobules suffered greatly from
pressure, most of the cells being swollen, granular, and distorted to

a variable degree, while some, especially in the part towards the

central vein, showed signs of fatty degeneration, as shown by Sudan
III, the fat granules being fine and dust-like.

All the liver capillaries and veins were greatly distended with

blood.

Kidneys showed the presence of numerous lymphocytic foci,

which were especially well developed in the vicinity of the renal

artery and branches. These cells literally swamped the renal
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tubules, which could be seen lying in large cell masses in a dis-
integrated and degenerated condition. Many tubular cells suffered
from pressure atrophy, while those of the tubuli contorti
and less frequently of the other tubules were swollen, opaque,
and granular; more rarely showed fatty degeneration and greatly
occluded the lumena by their large size. Those tubules with their
lumena still patent were filled by an opaque fluid in which were
collected cells of various kinds, e.g. epithelial cells, lymphocytes,
etc., held in an opaque fluid.

The intertubular capillaries were distended with blood, and
Bowman’s capsules were filled by the glomeruli, which contained an
excess of blood corpuscles and lymphocytes.

Spleen was literally swamped with blood, and many red blood
< orpuscles could be seen in the malpighian bodies.

In the capsule and trabeculae, small collections of small round
cells could be seen around the distended capillaries. The malpighian
bodies were sharply marked off from the spleen pulp. They contained
many more lymphocytes than normal, and mitotic figures were com-
mon. In fhe larynx, trachea, bronchi, and nose, the vessels in the
submucosa were distended with blood, and the lymph nodes were
greatly increased in size due to presence of very numerous lympho-
cytes, mainly in immature forms. Plasma cells were frequently
noticed, and the lymphocytes of the pulp were also increased in num-
ber, but never forming foci.

Anatomical Pathological Diagnosis.

Acute lymphoid-hyperplasia. Tumor splenis. Acute paren-
chymatous degeneration of liver and kidneys. Acute catarrhal
rhinitis. Acute catarrhal gastro-enteritis, haemorrhagic laryngitis,

tracheaitis, and bronchitis.

Cattle No. 4480.—A twenty-one months old heifer died on 12th
June, 1920, from acute snotsiekte. This case is quoted in detail as

it was a typical example of the experimental animals (30 per cent.)

that showed a necrotic condition of the mucosa of Their alimentary
and respiratory tracts.

On 19th May, the animal received 200 c.c. virulent blood intra-

jugularly and remained well until 4tli June, when its temperature
suddenly rose to 105° F. Death occurred on 11th instant, the tem-
perature having fluctuated for four days between 106.0° F. and 105.4°

F. All symptoms were very severe. The nasal discharge was acute,

and at times the dyspnoea was very bad. causing the animal great

distress. The lymphatic glands were very swollen and somewhat
painful, while there was an unusual severe oedema of the head and
limbs. The animal lay down nearly the wdiole course of the disease.

Autopsy .—Condition was fair, and rigor mortis complete. The
muzzle and alae nasi were covered with dry green nasal discharge,

under which they showed numerous small erosions. Visible mucous
membranes were a deep purple colour, that of the mouth showing an
ulcer, measuring 1 by 3 cm. above upper incisior teeth.

The nasal mucous membrane was covered by a profuse greenish
discharge. The subcutaneous tissues were greatly injected.

All the lymphatic glands were greatly enlarged, moist, and
greyish-white in colour, hut here and there infiltrated with blood,

especially on the dependent side of the body as the result of hypo-
stasis. Some lymphatic vessels were enlarged, thickened, and stood
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out like white cords or pipes. On section, the g’lands were swollen,
moist, and showed prominent germ centres, which varied in size from
5 to 4 mm. in diameter. Consistence generally was firm, but
where there was a great suffusion of blood, the glands were soft and
doughy. The tongue was a deep red-violet in colour and the posterior
third of the dorsum showed numerous shallow erosions. The tissues

of the tongue, palates, pharynx, and intermaxillary space were satu-

rated with a clear semi-gelatinous fluid. The walls of the pharynx
were deep violet-red in colour, swollen, and covered by a thick
yellowish-green deposit, which was also found covering small shallow
erosions along the cervical oesephagus and on the hard and soft

palates. The pillars and oesaphageal groove of the rumen showed
large areas covered by the yellow deposit, under which were small
pm-head like erosions. The abomasum showed its mucous membrane
to be swollen and red in colour. The mucosa of the small intestines

was swollen, and showed small red submucous patches. The pancreas
was pinkish in colour, and, on section, showed small pin-point red spots

I lie liver was slightly increased in size, pinkish in colour, and fairly

soft in consistence. Lobulation indistinct. On section, the organ
contained much blood, which oozed continually from a cut surface.

Numerous small white foci were noticed near the distended vein.

The spleen was g*reatly enlarged, measuring 44 by 15 by 3 cm.
Tumor splenis. On section, pulp appeared soft and semi-fluid. The
malpighian bodies were very prominent, greyish-pink in colour. The
adrenal glands were slightly enlarged, moist, and, on section, soft and
greyish in colour.

The kidneys were surrounded by a semi-gelatinous material.

The capsules were easily removed, showing presence of some small

pale areas in the cortex, which, on section, was swollen, red in colour,

and showed well-defined longitudinal striae. There were large pro-

minent slightly raised grey areas, sharply marked off from surround-

ing tissue, and especially numerous towards the surface of the organ.

Both organs contained much blood.

The nasal chambers contained a large quantity of a sour greenish

material, which filled up all interstices. A small amount was found
in file frontal sinus. The Schneiderian membrane was a deep reddish-

violet colour, and showed numerous erosions of various sizes, especially

on the septum nasi, and the turbinated bones. Some large erosions

were seen, probably as the result of fusion of several smaller ones.

Covering these was a thick layer of a dense granular yellowish-brown

material, which was very adherent to the underlying structures. The
same condition was seen in the pharynx and larynx. In the latter,

a considerable amount of the deposit covered the arytenoid, epiglottis,

and the medial surfaces of the thyroid cartilages; undernealh this

material wras a profusely eroded purple mucous membrane. The
trachea showed the deposit near the origin of the bronchi, but gener-

ally its mucosa was swollen and showed numerous small submucous
petechial haemorrhages. The bronchi were similar in condition to

the trachea, and both contained much pink foam. The lungs were
contracted, pink in colour, and normal in consistence. On section, they

were moist, red in colour, full of blood, and were saturated with a

pinkish fluid, which oozed from the parenchyma on squeezing the

organ. No changes were noted in the nervous system and sexual

organs.
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Microscopic Examination .—Sections of mucous membrane of the
nose, larynx, or palate all showed similar lesions. The first changes
appeared to be a general swelling of the cells of the superficial layers

of the mucous membrane due to infiltration by a stainless fluid,

probably of an oedematous nature. Later, some of the cells became de-

tached, leaving the deeper cells, and more rarely the corium, exposed,
thus causing the erosions or shallow ulcers, which were so often
observed. These erosions were soon covered by a heterogeneous mass
of necrotic matter, which was especially thick in the older lesions.

This necrotic mass was composed of numerous pyknotic epithelial cells,

erythrocytes, phagocyting leucocytes, and numerous lymphocytes held
together in a stainless fluid medium. Bacteria of many kinds could
be shown to be present by suitable staining. The underlying sub-

mucous tissues and the corium were A^ery full of blood, many small
capillaries being made very apparent by their over-distended condi-
tion. In the vicinity of the larger \ressels in the corium, lymphocytic
foci of various sizes were seen, many of which were A’ery large and
swamped all structures in a microscopic field. Occasionally, small
fat droplets were found in some of the muscle fibres of the soft palate

and pharynx, but this was rare. Between the muscle fibres, different

sized cell foci were noted just as in any of the skeletal muscles.

The adrenal glands showed small sized lymphoid cell foci in the

vicinity of the blood-vessels of the capsule. All the vessels through-
out the gland were markedly distended with blood, and about them
AA

Tere the cell masses which often distorted the cells of the cortex by
pressure. These cell masses were collections of small lymphocytes
with a few plasma cells and some neutrophil phagocytes.

The tongue showed many of its muscle fibres to be swollen, opaque,
and granular, while fatty degeneration, though present, was not very
marked, the fat being confined to a few fibres. The superficial cells

of the mucous membrane were often desquamated, leaving shallow

erosions covered by a deep layer of necrotic matter.

The pancreas and salivary glands showed their blood-vessels to

be full of blood, and in their neighbourhood lymphocytic foci of

A’arious sizes. Many of the cells of the acini had a swollen appearance
and were very granular.

Very well-developed lymphocytic foci were present in the lnTer

and kidney, the cells of which showed unusually severe fatty degenera-
tion. In the li\Ter, the cells about the central veins showed the severe

changes, the cells towards the periphery being less constantly and less

seATerely affected. In the cortex of the kidney, many foci Avere so

large that they obliterated many of the tubules and glomeruli, which
could be seen under high magnification lying in the cell masses in a

squashed and broken condition.

Well-marked lymphocytic foci were also found about the vessels

of the pia mater.

The lungs showed large-sized lymphocytic foci near the bronchi

and its smaller branches. These foci were mainly composed of smaL
lymphocytes, which when of any size caused distension and collapse of

the neighbouring alveoli. The interalveolar septa were slightly

thickened due to an increase in the number of lymphocytes and disten-

sion of interalveolar capillaries with blood. Most of the alveoli con-

tained a faintly staining (with eosine) fluid which contained a few red
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cells and lymphocytes, and especially near the foci showed mild
emphysema.

rihe lymph nodes and Peyer’s patches were crowded with numerous
lymphocytes, while the vessels of the submucosa and muscular layers
were full of blood. Many of the superficial epithelial cells were con-
siderably swollen and stained lightly, but in this patient no desqua-
mation was observed.

Pathological Anatomical Diagnosis.

Acute lymphoid hyperplasia. Ulcerative and necrotic rhinitis,
glossitis, pharyngitis, and laryngitis. Oedema of lungs. Tumor
splenis. Congestion of adrenal bodies, kidneys, liver, and gastro
intestinal tract. Commencing fatty degeneration of liver and kidneys.

3. Cattle No. 4488.—A red aged cow, quoted because of its

peculiar history. It suffered from a mild attack of the disease and
recovered. It was then tested by a large dose of proved virulent
blood, also without result. Subsequently, it received a further dose
of virulent blood, and this time it succumbed to acute snotsiekte. (A
full history of this case is given under “ Immunity.”)

Autopsy .—Condition fair. The skin showed large bald areas due
to the presence of numerous lice (Haematopinus). Mucosa of anus
and vulva was swollen and red in colour. Eyelids were closed, thick,

and oedematous. Conjunctiva very red. Cornea, pinkish-white in
colour. There was a slight watery discharge from the nose. The
blood was dark red in colour and stained red. The subcutaneous
tissues were yellow in colour and moist. All lymphatic glands were
very large and firm. The peri-glandular tissues were moist and infil-

trated with a semi-gelatinous fluid. On section, they were swollen,
moist, and greyish-white in colour. The germ centres were very
prominent. kSome of the glands contained much blood.

The posterior part of the dorsum of the tongue showed numerous
small erosions, while the tongue muscle was deep red in colour. The
mucous membrane of the mouth and pharynx was a deep red colour.

Numerous Avi-phistomum conicum in rumen. The mucosa of the

abomasum was moist, swollen, and a deep port-wine colour. Near
the pylorus were several superficial ulcers irregular in size but never
extensive, the largest measuring 4 by 2 cm. The mucosa of the

duodendum was swollen and pinkish in colour. A few ulcers about
the size of a threepenny-piece were noted. The rest of the intestinal

mucous membrane was a pinkisli-grey colour, and in places showed
submucous pin-liead haemorrhages. In the rectum, near the anus,

the membrane was red in colour, very swollen, and showed small

erosions.

The pancreas was swollen, moist, and, on section, yellowish-pink

in colour.

The spleen measured 60 by 18 by 4 cm. Capsule slightly

injected, and showed numerous squash pin-like yellow areas. Slight

tumor splenis. On section, the malpighian follicles were not pro-

minent. Pulp swollen, soft, and deep red in colour..

The liver was greatly enlarged and bluish in colour. It showed
several yellow areas near its circumference, soft in consistence, and
irregular in shape and size. General consistence very firm. Lying
under the tense capsule could be seen numerous small pale bodies,

irregular in shape and size. On section, the organ was swollen,
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pin kish-wJi ite in colour, and contained much blood. Lobulation not
distinct. The cut surface when washed free from blood1

,
was dis-

tinctly granular, especially about the portal vessels. In some places
ihe organ was quite white in colour, and of uniform structure, the

consistence being very firm. Soft yellow greasy areas were noted—
not fused but isolated, and never larger than a haricot bean. These
were especially common near the free edge of the organ. The gall

bladder was full of green bile and its mucous membrane was pink in

colour.

The renal capsules were easily removed, showing the cortex to

have a nutmeg appearance and purple-red colour. In places there
were white prominent areas of irregular shape and as large as a
shilling, though many of them were smaller. On section, both organs
contained much blood, and the cut surfaces were moist, swollen, and
leddisli-white in colour. The appearance was very granular. No
normal structure could be made out, the cut surface having a diffuse

white granular fibrous appearance with longitudinal red bands run-

ning between the white raised areas. The medulla was redder than
normal. The mucous membrane of the bladder was pink in colour
and swollen.

The uterine mucous membrane showed numerous pin-head red

dots and numerous small white prominent spots. Tn front of the

lower commissure of the vulval slit was a mass of yellow necrotie

material, on removal of which a profusely ulcerated mucous membrane
was seen.

The nasal mucous membrane was deep red in colour, and showed a

few small red erosions. A similar condition was noticed in the

mucous membrane of the paranasal sinuses.

Larynx similar to pharynx. The trachea showed a few sub-

mucous pin-point haemorrhages, which were regularly arranged in

rows. On the third tracheal ring, a small abcess about the size of a

pea, containing a drop of pus, was noticed. Lungs not completely
contracted, and pinkish-blue in colour. Lobulation distinct. Large
echinococcus cyst was found on lower surface of the main lobe of left

lung, about the size of a golf-ball. It contained a lot of clear fluid.

A second much smaller cyst was found on apical lobe of right lung.

On section, the lungs were rich in blood, oedematous. and pink in

colour. The mucous membranes of the bronchi were similar to the

trachea.

The epicardium was pinkish-white in colour and showed fine

white subepicardial lymphatic ramifications. Endocardium purplish

in col out. Myocardium was swollen, moist, and firm in consistence.

The endothelium of the aorta was roughened and studded with
shallow saucer-like depressions, which ran longitudinally. These
depressions were numerous, tough and arranged close together, giving

a scaly appearance to the tunica iutima. The vessel wall was much
more rigid than n nnnally.

Microscopic Examination showed that lymphocyte foci were
very numerous and large, especially in the liver and kidneys. They
caused considerable damage to surrounding gland cells by pressure.

In the liver, sometimes a whole lobule was swamped by a rapidly
extending focus, which first appeared in the connective tissue of the

portal system, though occasionally there were small cell masses near
the central veins. There appeared to he an increased number of
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lymphocytes in the liver spaces of some lobules. There was a con-
siderable amount of blood in all liver capillaries and veins, while the
sinusoids were distended with blood. Large areas of fatty degenera-
tion were shown up by Sharlach R or Sudan III, the cells about the
central veins being first affected, until gradually all the cells of the
lobule were in a fatty state. In most other lobules, cells were swollen,

opaque, and granular, staining deeply with eosine. An occasional
one appeared distinctly fatty, the fat granules having a fine dust-

like appearance.
The kidneys were more seriously affected than ihe liver, and so

large were many of the cell foci that some parts of a section resembled
a rapidly growing small round cell sarcoma. The lesions apparently

started in the connective tissue about the renal arteries and the inter-

lobular capillaries. Bowman’s capsule was often greatly thickened,
being composed of several layers of cells—mostly of lymphatic origin.

The glomeruli were also very large and nearly all filled their capsule,

ihe increased size being the result of a large amount of blood and
increased number of lymphoid elements. There was a general
increase in the quantity of blood, and the pressure caused by this,

together with the increasing size of the cell foci, caused stenosis and
obliteration of many of the renal tubules. Fatty degeneration was
fairly common in the cells of the tubuli recti and contorti, but the

majority of cells were opaque, swollen, and granular, greatly reduc-
ing the lumena of the tubules by their swollen condition.

The submucous capillaries in the nasal chambers, larynx,

trachea, and bronchi were greatly distended with blood, while the

lymph nodes were the sites of large lymphocytic accumulations which
spread out and swamped over all surrounding structures.

Macroscopically, no lesions were described in the nervous system,
but on microscopic examination of sections from the cerebro-spinal

system or from any of the peripheral nerves, lesions were found, not

involving the essential nervous tissue but in the connective tissue

stroma and sheaths of the nerves.

In the brain and spinal cord the vessels of the pia mater showed
a great increase in the quantity of blood, and around the tunica

externa were found lymphocyte foci of small size, which seldom
contained more than three rows of lymphoid cells, densest about the

vessel wall, and more open towards the periphery. In the nervous
tissue itself small colonies of these cells were found about the blood-

vessels, but in no cases were they large or did they swamp the

surrounding nervous matter.

In the epineurium of the peripheral nerves, the infiltrations were
very large, but they never reached the sizes that were found near the

blood-vessels of the perineurium.
In the uterus there were small collections of lymphocytes about

the blood-vessels in the muscular layer. There was always a moderate
amount of blood in the vessels. Desquamation of the epithelium was
not noticed.

The skin showed pronounced lesions, especially in the connective
tissue of the cutis vera. There was usually a considerable amounl
of blood in all the vessels, around which were dense foci of lympho-
cytes. The same dense cell masses were found around the dermic
portions of the hair follicles, about the sweat glands and their ducts,

many of which were partially or completely obliterated by pressure

of neighbouring tissues or by the cell foci themselves.
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Pathological Anatomical Diagnosis.

Acute lymphoid hyperplasia. Acute parenchymatous nephritis

and hepatitis with commencing fatty degeneration. Oedema of lungs.

Tumor splenis. Cysticercus echinococcus in lungs. Acute ulcerative

gastritis and duodenitis. Acute catarrhal enteritis. Hyperaemia of

uterus, vagina, and ulceration and necrosis of vulva. Arterio-

sclerosis of abdominal aorta.

4. Cattle No. 4432.—lf-year-old bullock died on 11th August,
1920, from acute snotsiekte. It was a typical case and is quoted in

full in order to indicate the course that was followed by over

TO per cent, of all animals that were experimentally infected with
the disease. On the 5th July, 1920, it received 200 c.c. virulent

blood intravenously and remained healthy until 1st August, when the

temperature rose to 105° F., reaching its highest, 107° F., on Ttli

August. Subsequently, it fell slightly and fluctuated between 103°

F. and 105.6° F. until death. This case showed all the characteristic

symptoms of acute snotsiekte.

Autopsy .—The condition was very poor and the flanks sunken.
All visible mucous membranes were swollen, red in colour, and oede-

matous. The muzzle had a raw red appearance and was largely

covered by dry yellow scales. A similar condition was seen on the

alae nasi and commissures of the mouth. The subcutaneous tissues

were very moist and pale, while the muscles had a parboiled appear-

ance. The blood was dark red in colour, clotted firmly, and stained

well. The lymphatic glands were very much enlarged and sur-

rounded by moist gelatinous oedema. On section, the cortex was
swollen and greyish-white in colour, but on the dependent side the

glands were infiltrated with blood as the result of hypostasis. Ger-
minal centres very prominent, grey in colour, and about the size of

a threepenny-piece. Haemolymph glands were enlarged, firm, and,

on section, moist, red, and granular.

The tongue was fairly soft in consistence, but the mucous mem-
brane of the pharynx was profusely covered with thick greenish-

brown deposit, under which a deep red eroded surface was seen. The
mucous membrane of the oesophagus was pale m colour, but m parts

was covered by the same material as already noted in the pharynx.
It was slightly eroded under the deposit. In the abomasum the

mucosa was swollen, moist, and pinkish in colour. The small intes-

tines showed their mucous membrane to be moist, pale pink in

colour, and covered with a bile-stained mucus. A similar condition

was observed throughout the large intestine, though the mucosa was
often greenish in colour.

The spleen measured 40 by 13 by 3.5 cm. Tumor splenis. On
section, the malpighian corpuscles were prominent and grey in colour.

The pulp was moist and dark red in colour. The pancreas was moist,

pale, and fairly soft. The gall bladder was distended with 200 c.c.

liquid yellow bile. Its mucosa was thick and red in colour. The
liver was slightly increased in size, firm, and bluish-pink in colour.

Lobulation not very distinct. Shining under the tense capsule,

numerous small white granular bodies could be seen. On section,

blood flowed freely from the veins. The organ was swollen, firm,

reddish grey in colour and moist. A freshly cut slice had a granular
appearance when washed free of blood. This was due to numerous
small white bodies, which appeared like grains of sand, few of which

23
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were found about the central veins, but the majority near iho portal

vessels.

The adrenal bodies had, on section, a granular appearance, and
the cortex appeared reddish-yellow in colour.

The renal capsules were easily removed, showing the cortex
swollen, irregular in contour, and studded with white foci of different

sizes. The cortex was swollen, increased in consistence, and had a

red granular appearance. Glomeruli were not prominent, and the
medulla was pink-white in colour. The bladder contained 200 c.c. urine,

and its mucous membrane was pink and swollen. The anterior extre-

mity of the sheath showed a dirty brown deposit covering an eroded
mucous membrane.

The nasal mucosa was swollen, thick, moist, deep led in colour,

and covered by a yellowish discharge. Near the anterior opening of

the ductus nasolacrimatis was a local deposition of a dirty brown
material, under which the surface -was profusely eroded. The larynx
showed similar lesions. Trachea and bronchi showed their mucous
membrane to be swollen and reddish in colour. They were full of

pink foam.
The lungs were contracted, pinkish in colour, and more resistant

than normal. On section, they were moist and red in colour. The
arteria pulmonalis contained firm white clots. The epicardium was
pinkish-blue in colour and showed well-marked fine greyish sub-

epicardial lymphatic tracts. Endocardium was smooth. Myocardium
was pale, moist, swollen, and fairly firm in consistence. Systemic
vessels showed nothing unusual. The nervous system showed no
visible changes.

Microsco-pic Examination

.

The lymphatic glands contained a large amount of blood, while
the germinal centres were densely packed with numerous lymphocytes.
Many of the cells were in a state of division, both amitotic and
mitotic, the latter being much the commoner. In the haemolym-
phatic glands there was a noticeable increase in the number of lym-
phocytes, while the glands showed so much blood that eosine stained

sections appeared a bright pink if held up to the light.

The skeletal muscles showed numerous lymphocyte foci in the

connective tissue between the muscle fibres and bundles. Those foci

varied in size and always appeared near greatly distended blood-

vessels. Zenkers degeneration was not common, though quite a

number of fibres were torn and ruptured. Fatty degeneration was
rare and, when present, never extensive, the fat proplets beiog very
fine and dust-like, staining characteristically. Sarcocysts were
numerous in both skeletal and cardiac muscle.

The spleen was literally bathed in blood, both capillaries and
sinusoids being overcrowded with corpuscles. In the malpighian
follicles small lymphocytes were found more numerous in the centre

than at the periphery of the follicle, which contained a lot of blood.

Mitotic figures were constantly seen, and there were numerous phago-
cytes present. In the capsule and trabeculae of the gland, small foci

of lymphocytes were found in the vicinity of the small blood-vessels,

which contained much blood. Degenerative changes were never
noticed in this or any spleen examined.

The myocardium showed numerous lymphocytic foci, usually of

small size, and the connective tissue between the muscle fibres
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frequently appeared torn and broken. All tlie vessels contained much
blood, and many of the fibres contained small fat droplets, which
appeared in Sudan III preparations as red dust-like g-rains. Sarco-

cysts were common.
The lymphoid elements of the alimentary canal were very

abundant. Both Peyer’s patches and solitary follicles were literally

crammed with lymphocytes, many in various phases of evolution.

Both these structures contained many red blood corpuscles and plasma
cells. The vessels in the submucous tissues were distended with blood,

and in some cases they appeared ruptured with large suffusions lying
in the surrounding tissues. Lymphoid foci, often very large, were
present in the connective tissue of the muscular layer, while in the

mucous and submucous layers, the fdci were often so large as to

obscure all other structures. Typical ulcers were never noticed, but
the superficial layers of the epithelium were in places desquamated,
exposing the deeper layers of cells. In intact areas, the cells were
distended with a stainless fluid. Most of the semi-eroded mucosa was
covered by a slightly opaque mucinous fluid which contained many
blood corpuscles, lymphocytes, and desquamated epithelial cells.

The secretory apparatus of the pancreas showed no changes.
Lymphocytic foci in the vicinity of distended blood-vessels were
usually noticed in the connective tissue. The anterior extremity
of the prepuce showed desquamation of the superficial epithelial

cells and exposure of the deeper cells, causing erosions which were
covered by a heterogeneous material similar to what was found in the

respiratory tracts. There were large lymphoid colonies near the blood
vessels, which contained much blood. The dermic portion of the hair

follicles were surrounded by dense masses of small lymphocytes.
The kidneys were severely affected. Most of the tubular cells

were greatly swollen and very granular, and some of them especially

in the tubuli decti et contorti showed slight fatty degeneration, the

fat granules being small and dust-like. The lumena of the tubules
were greatly occluded by swollen epithelial cells, and usually con-

tained an opaque fluid in which were present some lymphocytes and
desquamated epithelial cells. The lymphocytic foci were best

developed near the larger renal arteries, but were found everywhere
where there were capillaries, which contained much blood. The foci

formed prominent masses about Bowman’s capsule and the cellular

elements of the glomeruli were increased and even filled the capsule,

there being a large number of erythrocytes, some neutrophiles, and
many small lymphocytes present.

In the intertubular connective tissue foci were also found con-
siderably smaller than those noticed near the glomeruli, yet they in

many parts swamped over the tubules, which here and there could be

seen disintegrated in the cell masses. When small, the foci occluded
the tubular lumena by pressure. There was a marked general venous
and capillary stasis.

The liver was severely affected, and there were large lymphocytic
foci in the periportal and interlobular connective tissue, while there

was a slight increase in the number of small lymphocytes in the liver

spaces themselves. The liver lobules were considerably distorted by
the pressure of the foci and by the general venous and capillary

stasis, the liver sinusoids being filled with blood. Fatty degeneration

was rare and confined to the cells about the central veins of some of
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the lobules, but the majority of the cells had a swollen granular
appearance.

Pathological Anatomical Diagnosis.

Acute lymphoid hyperplasia. Acute necrotic rhinitis and
laryngitis with erosion of the mucosa. Pharyngitis. Haemorrhagic
tracheitis and bronchitis. Oedema pulmorum. Cloudy swelling of

liver and kidney. Slight fatty degeneration of heart and liver.

Tumor splenis. Necrotic eroded mucosa of prepuce. Catarrhal
gastro-enteritis.

Appendix III.

A.—Experiments to ascertain the nature and character of the
snotsiekte virus:—

1. To determine whether or not the virus is present in the blood
(S. 776).

Cattle No. 3371 was inoculated intravenously with 85 c.c. of

blood from cattle No. 33—an acute case of snotsiekte.

The animal contracted the disease and died twenty-eight days
after inoculation.

2. To determine whether the virus is capable of passing through
the pores of a Berkefeld filter (S. 767).

Cattle Nos. 4590 and 4575 were each injected intravenously with
250 c.c. of a Berkefeld filtrate of serum free from erythrocytes from
cattle No. 23, and cattle No. 4017 was injected with 250 c.c. unfil-

tered serum containing red blood corpuscles from the same animal.
Both cattle Nos. 4590 and 4575 remained healthy and were dis-

charged free from disease nearly eight weeks afterwards, while control

cattle No. 4017 died from acute snotsiekte in thirty-seven days.

Confirmed by Experiments Nos. S. 826, S. 754, and S. 811.
Note .—Serum collected from blood of a snotsiekte case was often

haemolytic, and the resulting fluid after filtration was nearly always
as deeply coloured as the unfiltered fluid. If the red colour of the

serum was due to erythrocytes, the filtrate was paler than the original

fluid, but if due to haemoglobin, the filtrate showed little change in

colour from the original fluid.

3. To determine if the red blood corpuscles of an infected case

washed free from serum contain the virus (S. 873).

Cattle No. 37 received intravenously 150 c.c. red blood corpu-
scles from cattle No. 3753. (The corpuscles were obtained by defi-

brinating and centrifugalizing about 500 c.c. of blood. The super-

natant serum was pipetted off and normal saline added and tine blood
again centrifugalized. This process was repeated until the super-

natant fluid was no longer haemolytic. The residual cells then
measuring about 100 c.c.)

The animal developed typical acute snotsiekte and died in twenty
days.

This experiment was confirmed by S. 879, in which cartle No.
4786 received intravenously 50 c.c. washed red corpuscles. Heath
occurred on the forty-first day from subacute .snotsiekte.

4. To ascertain if the virus disappears from the blood after

recovery (S. 827).

Cattle No. 76 (one of the two animals originally sent to the

laboratory from Clocolan) completely recovered clinically from a mild
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attack of snotsiekte, and seventy days after disappearance of symp-
toms, was bled and 200 c.c. of its blood inoculated into cattle Nos.

39 and 4550.
Both animals were kept under observation for over seven weeks

and never showed signs of illness.

5. To ascertain whether the blood of an affected animal varies

in virulency.

Cattle No. 4482 received an inoculation of virulent blood and
died thirty days afterwards.

(a) On the fifth day of its illness, 2000 c.c. of its blood were
transfused into cattle No. 4488, but without result.

(b) On its sixth day of illness, 200 c.c. of its blood were inocu-

lated intravenously into cattle No. 70, with fatal results.

This experiment shows how greatly the virulence of snotsiekte

blood varies within a short time, a small dose producing the disease

one day, whereas only twenty-four hours previously, a large dose of

blood from the same patient failed to infect an equally susceptible

animal.
The results of the foregoing experiments may be summarized:—
1. That the blood of sick animals contains the virus.

2. That serum filtered through a coarse Berkefeld filter is unable
to set up the disease, whereas unfiltered serum containing red blood

corpuscles causes typical cases in control animals.
3. That the virus is localized in the red blood corpuscles.

4. That the virus disappears from the blood after recovery.

5. That the blood varies greatly in virulence during a short

period of time, e.g. 24 hours.

B.—Experiments to ascertain the resistance of the virus:—
1. To find out the effect of (a) heating virulent blood to 70° C.

for two hours, and (5) exposing blood to 5 per cent, carbolic acid
for one hour (S. 790).

(a) Cattle No. 48 was inoculated intravenously with 150 c.c.

virulent blood, heated to 70° C. for two hours. No symptoms appeared,
and the animal was discharged from the experiment healthy.

(b ) Cattle No. 4509 was inoculated intravenously with 150 c.c.

virulent blood (from cattle No. 4086), exposed to 5 per cent, carbolic

acid for one hour. The animal died in nineteen days from acute
snotsiekte.

2. To ascertain whether the virulence of snotsiekte blood is

destroyed by keeping blood on ice at 5° C. (a) for eleven days (S. 790),
or (b) for fourteen days (S. 875), or (c) for twenty-two days (8. 878).

(a) Cattle No. 16 received intravenously 15 c.c. blood (from
cattle No. 52) which had been kept on ice for eleven days.

The animal died from acute snotsiekte in thirty-one days.
(b) Cattle No. 4016 received intrajugularly 200 c.c. of blood

(from cattle No. 3753) kept on ice for fourteen days. Nothing unusual
was noticed and the animal was discharged after two months’ obser-

vation.

(c) Cattle No. 4086 was inoculated intravenously with 200 c.c.

virulent blood (from cattle No. 3753) kept on ice for twenty-one days.
The animal remained healthy.

In summarizing, it appears:—
1. That heating virulent blood to 70° C. for fwo hours destroys

the virus.
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2. That exposure of virulent blood to 5 per cent, carbolic acid

for one hour fails to kill the virus.

3. That blood retains its virulence if kept in the ice-chest at

5° C. for eleven days, but at the end of the fourteenth day it has
become quite innocuous.

Appendix IV.

Examination of Urine.

Reference to Appendix I will show that the urine of a case of

snotsiekte is not virulent and fails to produce the disease if inoculated
into susceptible cattle.

Examination of a sample of fresh urine showed the following’

characters, viz.:—
1. Its colour was invariably reddish-yellow, though m a few

cases the urine was muddy and turbid.

2. Its specific gravity in six cases varied between 1020-1026.

3. Its reaction was distinctly acid in distinction to the alkalinity

of normal cattle urine. The degree of acidity as estimated by Still’s

N
method generally showed that about 12 c.c of —. NaOH was

required to neutralize 25 c.c. of urine. This high degree of acidity

was probably due to endogenous metabolism following cessation of

feeding.

4. In no case was any sug’ar demonstrated by the usual tests.

5. Albumen was present in every case, sometimes m very large

amounts. Even in the filtered urine of some cases, a considerable
amount of albumen could be discerned in suspension. Positive results

were always given by the cold acetic acid and Heller’s tests.

The quantitative estimation was carried out according to

Dhommee (6). Cattle No. 62 gave 8 grammes of albumen per litre;

cattle Nos. 16 and 85 gave 1.5 gramme of albumen per litre; and
cattle No. 39 gave 1.75 gramme of albumen per litre.

6. Casts were very numerous, and they varied greatly in

character, though the epithelial variety predominated above all

others. The epithelial casts were very large. Blood casts were found
in most cases, but they were few in number, while leucocytic casts

were not seen in any cases. Small lymphocytes were very rarely

observed in the urinary deposit.

7. Bacteriological examination of the urinary sediment revealed

nothing constant or definite. Frequently, organisms of the pasteurella

group were isolated (see Appendix V). More rarely coliform
organisms were found, but never in considerable numbers. As has
already been shown in Appendix I, the urine was free from the virus

of the disease.

Appendix V.

Notes on Pasteurella Isolated from Organs of Snotsiekte Animals.

Cocco-bacilli appeared to have an exceptionally wide distribution

in the organs and tissues of a snotsiekte animal, and were at one

period of this investigation seriously considered as the cause of the

disease. They predominated over all other organisms in the nasal

discharge, in the necrotic material from larynx, pharynx, and
stomach, in the erosions on the various mucosa, and in urinary sedi-

ment.
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In healthy cattle these organisms exist in some numbers m the
body passages as saphrophytes, and after death migrate into the
various organs and tissues of the body. In snotsiekte they are very
considerably increased in number and may be recovered in pure
culture from rabbits that die after inoculation of' nasal discharge of

a sick beast or organ emulsion of a case of the disease. They may
also be recovered in pure culture from the heart blood of some cattle

dead of snotsiekte, and on inoculation into rabbits either cause rapid
death or a chronic cachexia, in which case the organism can be
recovered from the blood or lymphatic glands respectively.

In sections of some lymphatic glands taken from cattle that died

from the disease, cocco-bacilli are found after decolorizing deeply
stained tliionine sections with weak acetic acid. The bacilli are never
present in the glands in large numbers and are never obtained in

culture if lymphatic gland juice is aspirated and inoculated on to

suitable media during the life of a sick animal.
Experiments on healthy cattle with pure cultures fail to set up

the disease. In some cases a chronic cachexia is caused, but the

organisms rapidly disappear from the blood. Young bouillon cul-

tures applied to the intact healthy nasal mucosa of cattle give no
results, but if applied after bruising or scarifying the membrane, a

temporary hyperaemia is produced, accompanied by a slight serous

discharge from the nose. These symptoms disappear in 72 hours,

and no ill-effects are subsequently noticed. Nothing is observed if

nasal catarrh from a sick beast is applied to the healthy nasal mucosa.
In conclusion, since slight lesions are produced by the cocco-

bacilli on an injured nasal mucosa, it is quite possible that the

erosions and necrosis of the various mucous membranes are due to

the action of numerous cocco-bacilli or their toxins, whose attack is

facilitated by the snotsiekte virus reducing the resistance of the body
tissues.

Experiment No. 1.—To determine the effect of intravenous inocu-

lation of pure bouillon cultures of cocci-bacilli.

Cattle Nos. 17 and 18 each received 50 c.c. pure culture intra-

jugularly. The former animal died during inoculation. The latter

showed no symptoms of snotsiekte, but grew very emaciated and weak.
It slowly recovered its condition and was discharged from experiment
without showing any of the classical symptoms of snotsiekte.

Experiment No. 2.—To determine the effect of subcutaneous
inoculation of three-days-old bouillon culture of cocco-bacilli.

Cattle No. 77 died from acute snotsiekte, and its blood proved
fatal for rabbits in twenty-four hours. By culturing the heart blood

of the rabbits, pure cultures of cocci-bacillus wTere obtained.
Cattle Nos. 48 and 60 each received 50 c.c. three-days-old

bouillon culture subcutaneously, and cattle No. 58 received 50 c.c.

sterile bouillon as control.

Both cattle Nos. 48 and 60 remained healthy.

Result of Experiments .—That snotsiekte cannot lie set up in

susceptible animals by subcutaneous or intravenous inoculation of

cocco-bacilli isolated from sick cattle.

ArPENDix YI.

Same experiments are described by Nieolle and Adil-Bey to

illustrate that under certain conditions the non-filtrable vims of
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rinderpest can be readily made to pass through a Berkefeld filter.

Their method is to inject into the abdominal cavity of animals in a
dying condition five litres or so of physiological saline, and imme-
diately after death to recover it by siphoning it out of the cavity.

The abdominal fluid contains the virus, which now passes through
the pores of a Berkefeld candle.

Similar experiments with snotsiekte cattle always gave negative
results, even when large injections of saline were given intraperito-

neally.

Experiment S. 964.—Cattle No. 4509 dying from acute snotsiekte,

was injected intraperitoneally with seven litres of normal saline.

Six hours later, the animal, being in a comatose state, was destroyed
and over five litres of a pink saline fluid siphoned out of its peritoneal
cavity. This fluid was filtered through a Berkefeld filter, and the
filtrate proved innocuous on inoculation into susceptible cattle Nos.
8 and 4556. Cattle Nos. 60 and 4854 were each inoculated with
200 c.c. unfiltered fluid as control, and both died from acute snot-

siekte.

Result .—Heavy dilution does, therefore, not make the virus of

snotsiekte more filtrable, and this fact confirms the opinion that the
virus, whatever its nature, must be fairly large and only nvisible

because of some natural peculiarity or because of the absence of some
suitable stain to demonstrate it.
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DESCRIPTION OF PLATE.

Shows head of Cattle No. 38. The intensity and character of the nasal and
lacrimal discharges may be seen. The thick crust of dried discharge and debris
may also be noted on the muzzle.
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The Nematodes liere described form part of a large collection

of parasitic Helminths, collected in tlie course of several years in

South Africa under the direction of Sir Arnold Tlieiler, by whom
also they were taken to Switzerland and presented to Prof. Dr. 0.
Fuhrmann at the University of Neucliatel for investigation. I was
greatly honoured by the request of Prof. Fuhnnann to undertake the
examination of these Nematodes, and I wish hereby to express to

him my thanks for allowing me to work in his laboratory and to

make use of his excellent library as well as for his keen interest and
valuable criticism.

The Nematodes were collected from a large variety of hosts,

representing reptiles, birds, and mammals, while the worms them-
selves, which are with a few exceptions intestinal forms, represented
M2 different species, of which four are new and three have been placed
in new genera. Of the latter the genus Theileriana was created for

Strongylus
(
Deletrocephalus

)
brachylaivi us Yon Linstow, 1901. Also

Filana subcuianea Yon Linstow, 1901, lias been renamed F. subder-
mata. The descriptions of the new forms are about to appear in the
“ Transactions of the Royal Society of South Africa.” The worms
wer ; fixed according to the method of Looss and preserved in glycerine

with very satisfactory results.

The importance of studying the parasites of the wild fauna of

a country like South Africa, where parasites play an important role

in diseases of the domesticated animals, is evident.

.Nematoda.

Superfamily Trichinelloidea Hall, 191b.
Family Trichinellidae Stiles and Crane, 1910.
Subfamily Tricliurinae Ransom, 1911.

Genus Trichuris Roederer, 1761.
Trichuris trichiura (Linn., 1767) Stiles, 1901.
Host Cercopithecus pygerytlirus. Transvaal.

Superfamily Ascaroidea Railliet and Henry, 1915.
Family Ascaridae Cobbold, 1864.
Subfamily Ascarinae Travassos, 1913.
Genus Belascaris Leiper, 1907.
IJelmraris mysta.v (Zed., 1800).
Syn. Fusaria mystax Zed., 1800; Ascaris mystax Rud.,

18(12; Ascaris leptoptera Rud., 1809; Ascaris alata Bel-
lingham, 1839; Ascaris felis Glaue, 1909.

Diagnosis.—Belascaris: Body white, transversely striated at

intervals of about 15/a. The cervical alae are large and give the
head a spear shape The anterior end of (he body is curved ventrad.
Three lips of about equal size, with denticulated borders.



436

Male 3-6 cm. long. The hind end is alate and curved; there are

two equal spicules measuring about 1.8 mm. in length.

Female 4-10 cm. long. The eggs are almost round.
Host Felis leo. Zoological Gardens, Pretoria. Usually in the

small intestine of Felidae.

Subfamily Anisakinae Railliet and Henry, 1912; emend.
Baylis, 1920.

Diagnosis .—Ascaridae : Having the general external appearance
of an Ascaris, i.e. with a smooth cuticle, transversely striated, but
without spines or oilier raised structures. The oesophagus may or

may not be divided into an anterior muscular portion and a posterior

ventriculus of different histological structure. When the latter is

absent (and frequently when present) there is an anterior caecum
springing from the intestine and lying alongside of the oesophagus.
A posterior caecum or solid glandular appendix may also be developed
in connection with the ventricular portion of the oesophagus. Inter-

labia may be present or absent, and when present show various

degrees of development. Dentigerous ridges on the lips present or

absent. The species are parasitic in the alimentary canal of fishes,

reptiles, birds, and mammals, and the majority are found in aquatic
or at least fish-eating hosts.

Type genus Anisakis Duj., 1845.

Genus Pcirocaecum Railliet and Henry, 1912.

Syn. Terranova Leiper and Atkinson, 1914.
Diagnosis.—Anisakinae : Oesophagus with anterior muscular

portion and posterior ventriculus of oblong shape, the latter short in

the genotype, but in other species frequently long and bent at an
angle so as to open into the intestine laterally. An intestinal caecum
is present. No oesophageal appendix. Interlabia present, usually
small. Dentigerous ridges present. Habitat—intestine of birds,

marine mammals, and fish.

Type species Forrocaecum crassum (I)eslongch., 1824).

Porrocaecum serpentulus (Rud., 1809).

Syn. Ascaris serpentulus Rud., 1809.
A single male specimen was collected, measuring 55 mm. long

by 1 mm. thick. The colour is light yellow and the posterior half
of the body is spirally coiled. The cuticle is striated transversely at

intervals of 33/^ . There are three large, simple lips, 200/x long and
280/x broad, also intermediate lips and dentigerous ridges. -The
oesophagus is 3.4 mm. long, the ventriculus 400/x, the intestinal

caecum 3 mm., and the nerve ring is situated 600/x from the
front end.

The tail narrows abruptly a short distance behind the anus
(fig. 1), and is continued as a narrow appendage, 180/x in length. It

bears about 15 pairs of preanal and 4 pairs of postanal papillae
;
of

the latter one pair is situated shortly behind the cloaca, and the rest

on the narrow part of the tail, Nos. 1 and 3 being situated near the

middle line, and No. 2 laterally. The testis lies in closely wound coils

around the intestine in the posterior part of the body. The hind
end is provided with muscles running form the mid-ventral line

obliquely forwards and outwards. There are apparently two short

spicules measuring 260/x in length.
Host Ardea melanocephala. Transvaal,
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Porrocaecum depressum (Zeder., 1800).

Syn. Ascaris depressa Zeder., 1800.

One female specimen, measuring' 9.5 cm. long by 1.3 mm. thick.

The vulva is situated 3.5 cm. from the anterior end. Schneider

(1866) gives the arrangement of the caudal papillae of the male very
much the same as 1 have found them in the case of Contraeaecum
praestriatum.

Host Circestus pectoralis. Transvaal.

Genus Contraeaecum
,

Railliet and Henry, 1912.

Syn. Kathleena, Leipev and Atkinson, 1914.

Diagnosis.—Anisakinae : Oesophagus with reduced postern r

ventriculus giving off a solid posterior appendix. An intestinal

caecum present. Interlabia present, usually very well developed.
Dentigerous ridges absent.

Type speies Contraeaecum spiculigerum Rud., 1809.

Contraeaecum arcuatum (Gedoelst, 1916).

Syn. Kathleena arcuata Gedoelst, 1916.

Light yellow worms, attenuated at the extremities and more so

anteriorly than posteriorly. The cuticle is finely striated at distances

of 8,u in the middle of the body and 4/* at the extremities. Just
posteriorly to the head the striations are very marked and produce
the appearance of ridges in profile. The head bears three main lips

and three intermediate lips, and is about twice as broad as long.

The main lips are of equal size; they have auricular flaps, no den-
tigerous ridges, and the dorsal bears two papillae while the lateroven-

trals bear one each, the papillae being double. The intermediate
lips are high and have a free portion, which is bent inwards and is

slightly split at its extremity. There is a pair of inconspicuous
cervical papillae 650/x from the anterior end and the nerve ring sur-

rounds the oesophagus at a point distant 500/x from the anterior end.
The oesophagus has an anterior muscular portion and a posterior

ventriculus and is 3.1 mm. long. The posteriorly directed, solid

oesophageal appendix measures 900/r by 140/x. The anteriorly
directed intestinal caecum measures 2.5 mm. by 280/4 thick at its.

middle and has the same structure as the intestine.

Male 24 mm. long and 900/4 thick. The hind end is curved
ventrad and is provided with oblique muscles on the ventral side.

The tail is very obtuse and ends bluntly, measuring 240/x in length.

There are six pairs of postanal papillae, of which Nos. 1 and 2 are

lateral, 3 and 4 more median and close together, and 5 and 6 closely

behind the cloacal aperture, the foremost pair situated more median
than the other. The preanal papillae number about 20 in each
ventero-lateral row. The spicules are equal and 2.3 mm. long; they
are usually not protruded and are made up of a central portion and
lateral alae

;
the latter narrow abruptly at the end of the central

portion and then form a small continuation to this.

Female ip to 37 mm. long and 1.1 mm. thick. The tail

measures 500/x and is acute; it bears a pair of small lateral papillae

at a distance of 160/4 from its end. The vulva is situated anteriorly
to the middle, dividing the body length in the proportion of about
2:3. There are 2 uteri. The eggs are thin-shelled, subspherical,
65/4 by 56/x. Segmenting when laid.

Host Ardea cinerea. Transvaal.
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Also reported for

—

“ Large blue-grey lieron,” Gedoelst, 1916.
Contracaecum praestriatu

m

,
n.sp.

Host Vodiceps eapensis. Transvaal.

Subfamily Crossophorinae. Baylis, 1920.
Diagnosis.—Ascaridae : The intestine is provided with two

caeca. Oesophageal appendix absent. The head is provided with
three large equal lips; intermediate lips wanting. The male has
two spicules and an accessory piece.

Type genus Crossopliorus Hemprich and Ehrenberg, 1828.
Genus Crossopliorus Hemprich aiid Ehrenberg, 1828.
Diagnosis.—Crossophorinae: Head with three large lips, hcl-

lowt l on the inside and provided with papillae; cuticular fringes on
the lips present or absent. Male with two equal spicules and a guber-
naculum.

Type species Crossopliorus collaris Hemprich and Ehrenbeig,
1828. .

Crossopliorus collaris Hemprich and Ehrenberg, 1828.
Syn. Ascaris ferox Schneider, 1866.
This Nematode, first summarily described by Hemprich and

Ehrenberg (1828), and later again by Schneider (1866) and Hall
(1916), has lately been more fully described by Baylis (1919) and
Neveu-Lemaire (1921).

The cuticle is transversely striated at intervals of 6-7/u The
head is separated from the body by a deep furrow (fig. 2). The
mouth is bounded by three lips, of which the dorsal bears two sym-
metrically placed papillae and the two latero-ventral lips each a
larger and a smaller papilla unsymmetrienllv placed. The lips are
semicircular in outline and indented in the anterior margin. On
the inner margin of each lip stand five groups of minute denticles

on each side, the number of denticles varying from two to eight in

a group. Besides, the lips are armed on their outer and inner sur-

faces by a continuous ridge of larger cuticular fimbriae. This ridge

runs over the inner surface of each lip, passes to the outer surface

at each side, proceeds to the middle of the outer surface of the lip,

and then doubles back upon itself to run in the furrow to the middle
of the outer surface of the adjoining lip on each side, and so on
(fig. 3). These fimbriae are short, thick, and usually bifid at their

ends on the outer surfaces of the lips, longer, and with dichotomously
branched extremities on the inner surface of the lips (fig. 4).

The oesophagus is long (15-20 mm.) and ends with a small

bulb. Its anterior portion contains a chitinous masticatory apparatus
consisting of three serrated teeth

;
these are fixed in the muscular

oesophageal wall by three wing-like processes, which have long
posterior extensions in the musculature, connected anteriorly by a

ring of chitin (fig. 2). From the anterior end of the intestine are

given off two long, anteriorly directed caeca.

Male 50-65 mm. long and 1-2 mm. thick. The hind end is

curled ventratwards, the tail is short and blunt. There are two equal

spicules 1.6 mm. long and an accessory piece. The hind end bears

two rows of small papillae on either side, the postanals numbering
nine in each low, the preanals five in the outer and about forty in the

inner row (fig. 5).
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Female 70-90 mm. long and 2 mm. thick. The tail is conically

pointed and 0 5 mm. long. The vulva is situated shortly before the

middle of the body, dividing the body-length in the proportion of

2:3. The ovijector runs forwards, for about 8 mm., then back to a

point opposite the vulva, where two uteri are given off, the one
running forward and the other backward; Eggs oval, with fairly

thick shells, measuring 150y by llO/i.

Host Procavia capen sis. Intestine. Transvaal.

Alio reported for

—

Procavia syriaca. Caecum . Shores of the Red Sea. Hemprich
and Ehrenberg, 1828.

Procavia sp. Intestine. German East Africa, Baylis, 1919.

Procavia brucei. Small intestine. Abyssinia and Somaliland
(E. Brumpt) Neveu-Lemaire, 1921.

f'eterohyrax mossambica. Caecum. Rukwa—See. East Africa,

Von Linstow, 1901.

NevemLemaire mentions the presence in his material of young
forms of this Nematode, which he regards as possibly representing
the forms called C, tentaculatvs by Hemprich and Ehrenberg. In
t he material investigated by me there were no such forms;

The genus Crossophorus was placed by Railliet and Henry (1912)
among the Heterocheilidae on account of the presence of intestinal

caeca. Baylis (1920) recently made a revision of the family
Ascaridae and breaking up the family Heterocheilidae, he placed
Crossophorus in the subfamily Crossophorinae on account of the

presence of two intestinal caeca.

Travassos (1920) recently undertook a rearrangement' of the
genera included in the family Heierakidae, placing the genus Asca-
ridia

,
without an oesophageal bulbus, amongst the Ascaroidea and

the rest of the Heierakidae, which are all provided with a bulbus,

amongst the Q.vguroidea as the family Hcterakidae.
Family Ascarididae. Travassos, 1920.
Diagnosis .—Ascaroidea : Mouth with three lips. Oesophagus

not provided with a bulbus. The male is provided with caudal alae
supported by voluminous papillae; a preanal sucker is present in

the male, limited by a chitinous ring. Two equal or subequal spicules

without a gubernaculum. Yulvai situated towards the middle of the
body; uteri divergent.

Type genus Ascaridia Duj., 1845.
Genus Ascaridia Duj., 1845.
Diagnosis.—Ascarididae: With characters of the family.
Type species Ascaridia truncata (Zeder, 1803) Duj., 1845.
Ascaridia nurnidae (Leiper, 1908).

Syn. Heterakis nurnidae Leiper, 1908; Heterakis calcarata
Gendre, 1909.

Thick worms of white or light yellow colour; the cuticle is

transversely striated at intervals of 50y. There are no lateral cervical
alae. The mouth is bordered by three large, equal lips (fig. fi) having
large lateral auricles, and each lip bears two papillae; the dorsal two
large and the ventro-lateral each a large and a small papilla, the
former to the ventral side. The lips are 16/< high. The oesophagus
has an anterior swelling containing a masticatory apparatus; it

gradually thickens backwards and is not provided with a bulbus.
The length of the oesophagus corresponds to 1 -14th of the body-length
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in tlie female and l-12th in the male. The nerve ring divides the
oesophagus in the proportion of 2:9. The excretory pore is situated

shortly behind the level of the nerve ring. A pair of small cervical

papillae is situated just before the level of the nerve ring.

Male 30 mm. long and 1.1 mm. thick. The tail is conical and
pointed (fig. 7). The caudal alae are of medium size (larger than in

the drawing of Gendre). The preanal sucker is circular, with a

strong cuticular border, and has the usual posterior papilla-like

tubercle. There are ten pairs of caudal papillae, three preanal and
seven postanal. Nos. 1, 2, 4, 5, and 6 are lateral and No. 2 is very
small; Nos. 7 and 8 are small and stand at the edges of the cloaca.

There are two equal alate spicules 3.2 mm. long and no guberna-
culum.

Female 40 mm. long and 1.6 mm. thick. Oesophagus 2.8 mm.
'ong. The tail is long, conical, acute, corresponding to l-40th of the
body-length

;
it bears two pairs of very small submedian papillae

380/* from the tip and another pair at 500/*. The vulva is situated

at about the middle of the body, little prominent
;
the ovijector is

long and there are two divergent uteri. The eggs are oblong, thick-

shelled, measuring 85/* by 50/*.

Host Numida papillosa transvaalensis. Intestine. Transvaal.
Also reported for

—

Numida meleagris. Intestine. French Guinea. Gendre, 1909;
Numida ptylorhyncha. White Nile. Leiper, 1908.

Ascaridia maculosa (Rud., 1802).

Syn. Ascaris maculosa Rud., 1802; Heterakis< maculosa Schnei-
der, 1866.

Large, white worms, more or less straight, tapering little

towards the extremities and provided with large cervical alae. The
transverse cuticulai striations are 20/* apart. The mouth is sur-

rounded by three large, equal, simple lips. The oesophagus measures
~.3 mm. in length and the nerve ring is situated 700/* from the
anterior end.

Male 40 mm. long and 0.9 mm. thick. The cervical alae are

2.9 mm. long and 960/* across. The oesophagus corresponds to

J -17th of the body-length. The hind end is straight and the caudal
alae are small. There are 14 or 15 pairs of papillae in all; as there
were not sufficient male specimens in the collection, I could not gain
certainty as to the presence of a pair of papillae just behind the
border of the sucker, which, however, appear to be constant (fig. 8).

Tl\e large pair of laterally placed, paranal papillae seems to be
double

;
No. 2 is very small and not given in the drawing of Schnei-

der, as is also not the doubtful pair behind the sucker and one of

the two pairs in front of the latter. The sucker is circular, provided
with a strong cuticular rim and the usual prominence on its posterior

border. The spicules are very strongly developed and alate, the left

measuring 2 mm by 116/*, the right had been broken off in all

specimens, as the spicules project.

Female 55 mm. long and 1.6 mm. thick. The tail is conical,

900/* long. The vulva is inconspicuoiis and situated far forward, at

a distance of 2.5 cm. from the front end. The eggs measure 68/*

by 44/*.

Host Columha domestica. Transvaal.
Also reported for Columha arquatrix and Turtur sylvaticus.
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Superfam.Ty Oxyuroidea Travassos, 192U.
Diagnosis.—Nematoda : Mouth provided with two or three large

or inconspicuous lips or without lips and of variable shape. The
oesophagus is provided with a definite bulbus. Males with one or

two spicules, rarely with more.
Family Heterakidae Railliet and Henry, 1914, emend. Travas-

sos, 1920.
Diagnosis .—Oxyuroidea : Polymyarian. Mouth provided wi h

two or three tips or without lips and of variable shape. Oesophagus
cylindrical or club-shaped, provided with a bulbus. Males with a

preanal sucker, limited by a chitinous ring or a cuticular membrane
or formed by a simple longitudinal depression or absent as in Seura-
tum. Two spicules well developed or imperfect; gubernaculum
present or wanting. Vulva near middle or body.

Type genus Ileterakis Duj., 1845.
Subfamily Subulurinae Travassos, 1914.
Diagnosis .—Heterakidae : Mouth with lips inconspicuous or

lacking, rarely with three lips, followed by a vestibule; oesophageal
bulb present

;
preanal sucker fusiform and not bordered by a chitinous

ring; spicules unequal, one or both occasionally imperfect; guber-
naculum usually present.

Type genus Subulura Molin, 1860.

Genus AUodapa Diesing, 1861.

Syn. Oxynema Von Linstow, 1899.
AUodapa suctoria (Molin, 1860).

Syn. p.p. Heterakis suctoria Molin, 1860; Subulura suctoria

(Molin, 1860).

White, slender worms, tapering towards the extremities. The
oesophagus has a posterior swelling, followed by a spherical bulb,

and the anterior pait of the intestine is also swollen. The oesophagus
corresponds to 1 - 10th of the body-length in the female and 1-7. 5th
in the male.

Male 7.5 mm. long and 330/x. thick. The tail is short, measuring
250/x and ending in a drawn out point (fig. 9). The caudal alae are

narrow and straight
;
the tail bears ten pairs of papillae, five preanal

and five postanal.. Nos. 1, 2, and 3 are laterally placed, and the
caudal glands open between the latter pair; 4 and 5 are more
median; 6 and 7 stand close together near the edge of the cloacal

opening, 8 shortly before these, 9 in the middle between the cloaca
and the sucker, and 10 laterally to the sucker. The spicules are

equal, 1.5 mm. long and provided with well-developed alae; they end
in fine points. The gubernaculum is triangular.

Female 12.5 mm. long and 450/x thick. The tail ends in a fine

point and is relatively short. The vulva is situated just in front of

the middle of the body. The ovijector runs forwards for a short

distance, then turns back and soon divides to join the two uteri which
are parallel and extend posteriorly as far as the anus and even beyond
it, but stop short behind the oesophageal bulbus in front. Seurat

(1914) mentions that the uteri do not reach the level of the anus
posteriorly. The ovaries are situated in the anterior part of the
body. The «. ggs measure 60/x by 40/x (Seurat gives 80/x by 70/x).

Ovoviviparous.
Host Numida papillosa transvaalensis, Pternistes swainsoni,

Coturnix delagorgnei, Sephina fran col inns, and.Oedicnevuis
capensis. Transvaal.



442

Also reported for Gallus gallinaceus, Caprimulgus campestris,
Numida meleagris, etc.

Family Oxyuridae Cobbold, 1804.
Subfamily Oxyurinae Hall, 1910.
Genus Oxyuris Itud., 1803.

Oxyuris flagellum, Hemprich and Ehrenberg, 1828.*
Syn. Oxyuris flabellum Ehrbg. of Nassonov, 1898.
The moutli lies sunk in a shallow depression, which bears round

its edge twelve papillae. The mouth, which has a triangular opening,
is surrounded by a dorsal and two ventro-lateral lips, each apparently
cut up into six lobes, which are united at their distal ends. The
papillae correspond three to each lip and one between every two lips

(fig. 10).

Male unknown.
Female 25 mm. long. The tail equals a third or more of the

body-length. The oesophagys is short, 0.3 mm., and is followed by a

bulb of the same length (fig. 11). Both parts contain a simple
masticatory apparatus. The intestine lies mostly along the right
lateral line and ends in a short rectum with quadrangular cross-section

and bearing large rectal glands on its anterior border. The vulva is

a large cleft with salient lips, about 4 mm. from the anterior end
(fig. 12). The cuticular ovi.jector runs transversely through the body
and opens into the musculo-epitlielial ovijector which first runs for-

wards for a short distance, then doubles back upon itself and runs
back to the region of the anus, where it gives off two forwardly
directed narrow uteri. The ovaries lie one behind and the other

before the vagina.
Host Procavia eapensis. Intestine. Transvaal.
Also recorded for Procavia syriaca, Caecum, Hemprich, and

Ehrenberg, 1828.
Hemprich and Ehrenberg found two varieties: (1) Var. obtusa

;

yellowish, the curved tail more than one-third of the body-length,
neither pointed nor alate. (2) Yar. acuta; white, with tail straight,

pointed, not alate, and not exceeding one-third of the body-length.
The material investigated by me contained over 300 females; the

mature ones present a deep yellow colour from the eggs; the immature
specimens are glassy and transparent when in glycerine, probably
white in the normal condition. The tails are straight, pointed, and
vary in length about one-third of the body-length. Nassonov (T897,

1898) states, contrary to Hemprich and Ehrenberg, that the mouth
is not papillate and, contrary to Schneider, that its lumen is

hexagonal instead of triangular.

Genus Dermatoxys Schneider, 1860.
Diagnosis.—Oxyurinae: males with a curving longitudinal row

of transverse comb-like crests on the ventral surface of the hind end.
Cervical alae present. Oesophageal bulb with or without teeth. Males
with a very long, well-developed caudal bursa. Massive deep-coloured
ovaries in the region of the vulva, communicating by narrow oviducts
with the two uteri, which unite near the anus to form a long ovijector,

which extends forward to the vagina.

Type species Dermatoxys veligera (End., 1819).

Dermatoxys veligera (Hud.
,
1819).

Syn. Ascaris veligera Hud., 1819.

* See also additional note, page loi>.
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White worms with a rather straight, stiff body. The head is

usually slightly bent dorsalwards. Cuticle with tine transverse
striations, at intervals of 5// about the middle of the body and wider
behind. There are two large lateral cervical alae extending from the
head to a point opposite the posterior end of the oesophageal bulbus,
where they end abruptly (fig. 13). The mouth is surrounded by three
lips, each bearing three papillae on the outside and a small tooth on
the inner edge. In the beginning of the oesophagus is a small
chitinous capsule forming four small teeth, two dorsal and two
ventral. The anterior portion of the oesophagus is widened and
followed by a more slender portion, which gradually swells again
posteriorly before it reaches the bulb. The posterior region of the
oesophagus, but not the bulb, is pigmented brown. The bulb contains
no masticatory apparatus. The oesophagus corresponds in length to

l-9th of the body-length in ihe female and 1-Stli in the male.
Male 11 mm. long and 430// thick. The hind end is gently curved

ventralwards. There are two large caudal alae which meet behind the
end of the body (fig. 14). The distance from the tail end to the cloaca
is 500//, from there to the middle of the cuticular crests 500//, and to

the beginning of the alae 700//. (The corresponding measurements
given by Seurat are 400//, 700//, and 1000// respectively.) The row of

crests contains about 13 transverse ridges in a longitudinal row of

sigmoid shape, the crests in the middle of the row being the largest.

Posteriorly to these crests is a series of low, tranverse cuticular ridges,

which soon divides to form four almost parallel longitudinal rows of

short ridges running back to near the anus. There are three pairs of

preanal papillae, the posterior two pairs being almost in the same
transverse line, and situated laterally to these is a cuticular shield

on each side. The posterior lip of the anus bears a large median
papilla and two small ones at the sides of the latter. In the same
transverse line stands, more laterally, another papilla on each side,

which is not given by Seurat. Further back is another pair of

papillae with cuticular shields lateral to them, making a total of seven
postanal papillae. The caudal glands have very distinct openings
near the tip of the tail. There is a single small spicule measuring
85// in length and no gubernaculum.

Female 16 to 18.8 mm. long and 580// thick. The tail is conical

and measures 1 -6th of the body-length. The vulva is situated 7 mm.
from the anterior end and opens into a vagina provided with a thick
cuticle (fig. 15). This is continued forwards for 1 mm. by the

cuticular ovijector, which, like the vagina, has a strong musc/ilar coat

;

at its end there is a large, dark-brown ring corresponding to a

sphincter, which connects it to the musculo-epithelial portion of the

ovijector. The latter runs straight back to a little distance behind the

anus, where it gives off two uteri that run forward to narrow abruptly
a short distance behind the vulva to form each a narrow S-shaped
oviduct, which connects them to the ovaries. These are deeply
coloured and extend forwards beyond the limit of the ovijector. The
eggs are very little flattened on one side and measure 120// by 60.u

It may be important to note that several small differences exist

between the description given by Seurat and the above.

Host Pedrtes cnfier. Transvaal.
Also recorded for Sylrilar/us hrasiliensis (hepus brasMens is),

Biazil
;
S. avduhoni hailey i

,
S. nut-tali pineJis, Lepus califor-

nicus melanotis, Foiled States; Lepus Jcahilicus, Algeria.
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Genus Syphaciella, n. gen.
Type species Syphaciella capensis, n. sp.

Host Pterocles bicinct-us and Pteroclurus namaqua. Transvaal.

Superfamily Spiruroidea Railliet and Henry, 1915.

Family Spiruridae Oerley, 1885.

Subfamily Spirurinae Railliet, 1915.
Genus Spiroptera, Hud., 1819.
Spiroptera area, Von Linstow, 1906.

Body white, stiff, straight, or slightly curved, tapering towards
the extremities which are rounded off in both sexes. The cuticle

has fine transverse striations, which are 6m apart. The mouth is

bounded by two large lips placed laterally and not dorsally and
ventrally as given by Yon Linstow. The lips are simple, not lobed,

without teeth, each bearing on its outside two papillae. There is a

pair of lateral cervical papillae 400u from the anterior end. The
excretory pore opens 420m from the front in adult females. The
pharynx is 180m deep; the oesophagus corresponds to about 1-4.5 of

the body-length.
Male 11-19 mm. long and 1 mm. maximum thickness. The hind

end is curled in ventralwards, being provided with well-developed
caudal alae and six pairs of long-stalked papillae, four preanal and
two postanal (fig. 16). The whole ventral surface of the hind end is

provided with small cuticular bosses arranged in longitudinal rows.
The spicules are very unequal, the left is thin and 3.9 mm. long
with a rounded point, the right thicker and measures 0.6 mm. in

length

.

Female 6-28 mm. long and 0.88 mm. maximum thickness. The
tail is 440m long. The vulva is a small, circular opening, not very
prominent, situated before the middle and dividing the body-length in

the proportion of 5:7. The ovijector runs backwards and joins on to

two divergent uteri. The eggs are a little flattened on one side and
at the poles when mature, measuring 44m by 27m- They contain a
fully developed larva when laid.

Host Manis temmincki. Stomach. Transvaal.
Also mentioned for Manis pentadactyla. Stomach. Horana. Yon

Linstow, 1906.

Although Von Linstow’s description and the above differ in some
very important points, I do not doubt that they are dealing with the
same species, as most of the measurements agree very well. Yon
Linstow does not describe the caudal papillae of the male as stalked,
neither does he draw them so; he says:

“ On each side there are
four preanal and two postanal papillae, large and round.” The posi-
tion of the vulva is given as

“ behind the middle dividing the body
in the ratio of 7 :5.” As the proportions are the very same in both
cases, only one the reverse of the other, I believe that there could be
no objection against regarding the two worms as identical.

Life-history .—In the bottle containing these worms there were
also a number of ants likewise collected from the stomach of the
Manis. Upon examination of these ants, it was found that many
contained worms in the crop. These worms are the young forms of
Spiroptera area, as is shown by their whole outward resemblance,
and especially by the structure of the lips and pharynx. Some of
these young worms measured up to 2 cm. in length—that is larger
than the smallest specimens found free in the stomach of the host.
Xo larval forms were found, the smallest, 5 mm. long, having already
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gone through all ecdyses. In one large specimen, tlie female genital

organs could be distinguished, but the uteri were empty. The
specimens found free in the stomach of the host, and measuring less

than 15 mm., had no trace of sexual organs.

The ants, which Prof. Dr. A. Forel was so kind to determine as

Camponotus
(
Myrmoturba

)
natalensis Sm., subspecies R. corvus

Forel, can therefore be regarded as the intermediate host of

Spiroptera orcn.

Genus Hartertia Seurat, 1915.
Hartertia rotundata (Yon Linstow, 1883).
Syn. Filaria rotundata Yon Linstow, 1883; Habronema rotundata

Seurat, 1914.

Large worms of a reddish-yellow colour. The anterior end is

armed with large cervical alae, giving the worms much the appear-
ance of Belascaris mystax. This alate portion is curved dorsalwards,
and in large specimens the anterior third of the body is usually curled
in a spiral. The body is thickest before the middle, tapering back-
wards. The cuticula is transversely striated at intervals of 20/x. The
cervical alae are 3.5 mm. long and 400/z wide in large females; they
have a wide border, which appears to be darker coloured than the
inner portion on account of the presence of minute, closely arranged
transverse striations (fig. IT). The mouth is bordered by two large,

lateral lips, whose pulp is trilobed on the inner surface
;
the median

lobe bears a small tooth, and the lateral lobes have denticulated edges;
each lip bears externally a pair of papillae. The cervical papillae

are situated at the bases of the lips. The buccal cavity is deep and
has a strong cuticular lining. The oesophagus has muscular and
glandular portions and corresponds to l-7th of the body-length. The
nerve ring surrounds the muscular oesophagus before its middle.

Male 35 mm. long and GOO// thick. The tail is usually not curled,

and the caudal alae are extended, measuring 1.6 mm. long’ and 600/z

wide (fig. 18). There are six pairs of pedunculated papillae, four
preanal and two postanals, the latter longer than the preanals, and
five pairs of small sessile papillae near the end of the tail. The
spicules are unequal: the left is thin, measuring 1.5 mm., the right
thicker and only 400// long. Gubernaculum Y-shaped.

Female up to G6 mm. long and 1.48 mm. thick. Cervical papillae
TO// from the anterior end. Buccal cavity 2T0/z deep, oesophagus 8.5
mm. long*. The vulva is inconspicuous, dividing the body-length in

the proportion of 6:10. The ovijector is 3.2 mm. long, comprising a
remarkably long sphincter of 950//. TTteri divergent. Eggs 62/z by
42//, thick-shelled. Ovoviviparous.

Host Otis ruficresta, O. afroules, Oedicnemns vermicularis,
Plocepasser mahali. Transvaal.

Also reported for Ffouhara undulata (Algiers), Seurat, 1914.

Immature worms, probably young forms of the above species

and all apparently alike, without any trace of reproductive organs,
were collected from the following birds: Stephunihix coronatus,
Fophoceros leucomelas, Fj. erythrorhyncha, Indicator indicator,

Mirafra sabota, TMniarius atrococcineus, Nilaus brubru, Urolestes
vielanoleucas, Pycnonotus capensis nicjricans, Lamprocolius phoeni-
copterus bispecularis, Textnr nicjer, Passer motitensis.
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Hartertia obesa, Seurat, 1915.
Worms of a light yellow colour and characteristic for their short,

thick bodies curved in the form of an arc with the concavity dorsally.

'Jdie body tapers towards its extremities, and reaches the greatest
thickness behind the middle. The cuticle is striated transversely at

intervals of 10/r. The lateral lines are broad and very conspicuous
on account of their opacity. There are no cervical alae. The head is

separated from the body by a constriction. The mouth is bounded by
two large, lateral lips, each of which has its pulp deeply incised to

form three internal lobes and bears externally two papillae. The
cervical papillae are situated very far forwards, on the bases of the
lips. The oesophagus has muscular and glandular portions, the total

length corresponding to 1-Gth of the body-length in the male and
l-10th in the female. The nerve ring surrounds the muscular
oesophagus shortly before its middle.

Male 2d mm. long and 1.4 mm. thick. The tail is straight, the
caudal alae large and extended, 1.28 mm. long. There are four pairs

of preanal and two pairs of postanal pedunculated papillae, the first

and the last pair being longer than the rest; besides there are four
pairs of small sessile papillae near the end of the tail (fig. 19). The
cloaca has a smooth anterior triangular lip. The rest of the surface
around the cloaca is covered with small cuticular bosses arranged in

longitudinal rows. Two unequal spicules; the right is thick and
500//. long, the left is thinner, 2 mm. long', and has a barbed point.
Gubernaeulum triangular and 200y long.

Female 40 mm. long and 1.6 mm. thick. Tail 1.5 mm. long,
conical, with a rounded tip. The vulva is inconspicuous, dividing the
body-length in the proportion of 1:2. The cuticular ovijector, 700//.

long, is directed forwards, and then doubles sharply back, after which
it is continued into a long sphincter, measuring 1.5 mm., followed by
a cuticular ovijector of about the same length. Uteri divergent.
Eggs 56/x by 35y, surrounded by a thick vitelline membrane.

Host Otis rvfirresta, O. afroides, Oedicnemus capensis, Ploce-

passer mahali. Intestine. Transvaal.
Also reported for Cacabis petrosa spatzi. Intestine. Algiers.

Seurat, 1915.

Subfamily Arduenninae Itailliet and Henry, 1911.
Genus Streptopharacjus

, G. Blanc, 1912.

Diagnosis .—Arduenninae : Cuticle with strong transverse stria-

ti-ons. Cervical papillae situated at very unequal heights. The mouth
is surrounded by two little apparent lips, each divided up into three

lobes, of which the four submedian bear papillae. The mouth open-
ing is armed with strong teeth situated on the inner border of the
lips. The pharynx has a strong cuticular lining and is characteris-

tically twisted about its long axis. The hind end of the male is alate

and bears four pairs of "stalked preanal papillae, standing in two
groups of two on each side, one group near to the anus and the other

farther forward; postanal papillae are also present; the ventral

surface of the hind end is ornamented with cuticular bosses. Two
very unequal spicules. Gubernacumum present or absent. Yulva
situated before the middle of the body; the ovijector is provided with
a long-necked vestibule and an S-shapml sphincter.

Type species Streptopharagus atviatvs. G. Blanc, 1912.

Streptopharacjus armatus, G. Blanc, 1912.
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White worms; the body tapers at the extremities. The cuticle

is thick and transversely striated at intervals of about 16// ;
it is

inflated in the region of the pharynx and shortly behind, the inflation

being unsymmetrical in a dorsal or ventral view, on account of the
different heights at which the cervical papillae are situated, the right
being 720// and the left 450// from the anterior end in the adult
female (fig. 20). The mouth is a dorso-ventrally directed oblong open-
ing bounded by two little apparent lateral lips, which are divided into

six large lobes, three on each side, giving the opening the form of

an elongated hexagon. The submedian lobes bear each three papillae,

which have not been mentioned by former authors (tig. 21). The
pharynx has a thick chitinous lining which forms at the edge of the

mouth a tooth under each of the lobes, and a little lower down a
small dorsal and a ventral tooth in the wall of the pharynx. The
pharynx is 400// deep and is remarkable in that it is twisted a little

below the middle. The oesophagus, which is conspicuously pigmented
brown, has a length of 8.1 mm. in the adult female and is not
provided with a bulbus.

Male 2.8 to 3 cm. long and 1 mm. thick. The vesicula seminalis
starts just behind the middle of the body, the testis being relatively

short. The hind end is curved ventrad and is provided with well-

developed alae. There are four pairs of stalked preanal papillae, of

which two pairs are situated close to the anus and the other two pairs

farther forward (tig. 22). A single pair of postanal papillae, also

stalked, is situated at about one-third of the distance from the cloaca

to the tip of the tail. Near the tail end the caudal glands open by
five pairs of minute pores, situated symmetrically in an oval depres-
sion. The ventral surface of the bursa is longitudinally striated,

these striations being for the greater part broken up into cuticular

bosses, whose arrangement is given as exactly as possible in the
figure. The dorsal surfaces of both alae are provided each with a

longitudinal streak marked by fine, irregular transverse ridges, the
appearance of which from the ventral side is given in the figure for

the left side. There are two very unequal spicules, the right is

720// by 25// broad, and the left (1.7 mm. long. There is also an
accessory piece lying next to the point of the left spicule and having
a length of 70//. This is not mentioned by other authors.

Female up to 0 cm. long and 1.30 mm. thick) The nerve ring
surrounds the oesophagus at a point 08// from the anterior end. The
excretory pore is small and situated 780// from the front. The vulva
lies a short distance behind the end of the oesophagus in the first

quarter of the body; there is a long ovijector running backwards.
One receptaculum semin is lies in the posterior part of the body, the
other before the end of the oesophagus, the corresponding uterus
doubling back upon itself in about the middle of the body and
running forward from there. The tail is 600// long, conical, and
ends in a point. The eggs are thin-shelled, oblong, and measure
88// by 20//, segmenting when laid.

Host 7
)apin porcarius and Cercopithecus pygerythrus. Intestine.

Transvaal

.

Also reported for Macacus cynomolyus, Gf. Blanc, 1912.

The above description differs in several points from that origi-

nally given by -Blanc for the specimens from Macacus cynomolyus

;

his measurements of the spicules are different, and besides, as already
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noted, the gubernaculum and the mouth papillae have not been men-
tioned. However, as the further description and especially that of
the mouth parts coincides with my findings, I conclude that these
worms are identical.

The only other known species of this genus, S. numidicus, Seurat,

1917, from Vulpes zerda, S. Tunis, differs very much from S. armatus ,

which is the type species, especially in the structure of the lips and
teeth and in the number and arrangement of the postanal papillae

;

so much so, that they will probably later have to be separated into
different genera when the extent of the genus Streptopharagus is

better known.

Family Acuariidae, Senrat, 1913.
Subfamily Physalopterinae, Railliet and Henry, 1912.
Diagnosis .—Acuariidae : Mouth with two equal lips, each bear-

ing papillae and teeth. Variable cuticular expansions posterior of the
lips. Caudal bursa of male formed by the cuticular border of the
posterior extremity, which is continuous across the ventral surface,

and thus connects the lateral borders. The bursa is sustained by four,

eight, or ten pairs of pedunculated papillae. Two unequal or sub-
equal spicules. Vulva usually before the middle; two, four, or ten
uteri. Parasitic in the digestive tract of reptiles, bird, and mammals.

Type genus Physaloptera, Hud., 1819.
Genus Physaloptera

,
Hud., 1819.

Diagnosis .—Physalopterinae : Without a sheath into which the
posterior part of the body can be retracted

;
four pairs of pedunculated

papillae; spicules similar and subequal; female with two uteri.

Type species Physaloptera clausa Rud., 1819.
Physaloptera Galinieri, Seurat, 1914.

White worms with the cuticle finely striated transversely and
forming the usual collar around the anterior extremity (fig. 23). The
cervical papillae are situated at unequal heights and relatively far
back, behind the beginning of the glandular portion of the
oesophagus. The excretory pore is situated shortly behind the level

of the cervical papillae. The mouth is bounded by two large lateral

lips bearing each on the outside two papillae and on the top of the
lip the usual median tooth. The chief characteristic of the species

is that the three internal median teeth of each lip are more prominent
than the outer median tooth. The short anterior muscular part of

the oesophagus is surrounded by the nerve ring well behind its

middle; the oesophagus corresponds in length to l-7th of the body-
length in the female and l-6th in the male.

Male 18-20 mm. long and 750/x thick. The hind end is curved
ventrad

;
the caudal alae are well developed and supported by four

pairs of long stalked papillae, which are situated at about equal
distances from one another. There are the usual three sessile preanal
papillae, of which one is small, unpaired, and median, and six pairs

of postanals
; of these, Nos. 2 and 3 .stand close together, 3 being

pedunculated ; 4 stands in a line with the distal pair of pedunculated
papillae, and 5 and 6 stand on the posterior border of the cloaca. The
circumcloacal region bears, as in other Physalopterinae, rows of sharp
cuticular tubercles. There are two short, subequal spicules, measur-
ing 3G0y and 380/t. No gubernaculum.

Female 30 mm. long and about 1 -mm. thick. The tail is short

and conical. The vulva is situated shortly in front of the middle of

the body. The ovijector runs forwards and comprises a cuticular



449

portion 2 mm. long, a musculo-epithelial portion with a wide anterior

part 550/x and a narrow posterior part 300y long, which divides to

form two uteri. The uteri are divergent, one running directly back,
the other first going forwards almost up to the oesophagus and then
turning back.

Host Melierax gabar. Stomach. Transvaal.

Physaloptera sp.

Male unknown.
Female 3-6.5 cm. long and 1.2 mm. thick. White worms widen-

ing posteriorly. The cuticle is striated transversely at intervals of
100 a. A pair of lateral cervical papillae is situated at 460// on the
right and 520// on the left from the anterior end. The nerve ling lies

340y from the front and the excretory pore 580/i. The cuticle is

inflated about the head and forms a mouth-collar (fig. 24}. There are

two lateral lips, each bearing a small median and two larger

lateral papillae, a large median tooth and two lateral teeth,

each of the latter being double, the two parts biting on each
other. The oesophagus has a short anterior muscular portion, and
the whole bears the proportion of 1 : 6 to the body-length. The vulva
divides the body in the ratio of 1:5; the ovijector runs forwards for

a short distance and then turns back; there are two uteri and coiled

ovaries in the posterior end of the body. Eggs thick-shelled, measur-
ing 48// by 32//. Tail 850// long, with a pair of papillae

240// from the tip.

Host Mellivora capensis. Intestine. Transvaal.
This species does not seem to correspond to Physaloptera elegan-

tissima Stossich, 1902, from the same host. The drawings given of

P . elegantissima differ very much from this species, and the short
description given by Stossich makes identification difficult. In both
cases males were unluckily absent, and for this reason I wish to leave

the species unnamed at present, hoping to be able to examine more
material.

Genus Chlamydonema, Noordhoek Hegt, 1910.
Diagnosis.—Physalopterinae : The body of the female is provided

with a cuticular sheath, into which the hind end can be retracted.
Four pairs of pedunculated papillae; spicules similar and subequal;
female provided with two uteri.

Type species Chlamydoneuia felineum, Noordhoek Hegt, 1910.

Chlamydonema felineum., Noordhoek Hegt, 1910.

These worms are rather thick, white in colour, and usually the
body is curved. The hinder part of the female body can be retracted
into a prepuce-like cuticular sheath, which may stand out up to

3 cm. beyond the tail of the worm (fig. 25). Tbe cuticula is thick
and transversely striated at intervals of about 70// with finer stria-

tions, 4// apart, in between. There is a pair of lateral cervical
papillae situated 500// from the front. The oesophagus is 3.5 mm.
long, with a narrow anterior muscular portion. The nerve ring is

situated 400// from the front and the excretory pore at 800//. The
mouth is surrounded by a cuticular collar, and is bounded by two lips

bearing three papillae each, as well as a median external tooth, a

trifid median internal, and a row of minute internal teeth running
across the lip.
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Female up to 4 cm. long, including the cuticular sheath, and
1.8 nnn. thick. The vulva is situated shortly before the middle of

the body, which is usually surrounded in this region by a thick ring
formed of a brown secretion (fig. 25). The cuticular ovijector has a

length of 1600// and runs backwards; the musculo-epithelial part

comprises anteriorly a reservoir of 900/z length, then follows a

narrower part llOO/i long, which divides into two branches each
about 500y long; of these the one runs forward and the correspond-
ing uterus doubles back at the height of the vulva, the other running
backward from the beginning. The eggs are thick-shelled and
measure 58// by 32//. Segmenting when laid.

Males not present in the collection.

Host Felis caffra, Canis mesomelas, Genetta India , Felts pardus.
Intestine. Transvaal.

Genus Leptosoma, Travassos, 1920.
Diagnosis.—Physalopterinae : Male with four pairs of peduncu-

lated caudal papillae
;
two very unequal spicules

;
female provided

with four uteri.

Leptosoma africana, n. sp.

Host Paraxerus cepapi, Otomys irroratus, Mas concha, Mus
Pretoria, Arvicanthis pumilis, and Thrynomys swinder-
nienus. Intestine. Transvaal.

This species is in many respects related to Physaloptera ahbre-
viata, Hud.

,
1819.

Leptosoma tumefaciens (Henry and Blanc, 1912).
Syn. Physaloptera tumefaciens, Henry and Blanc, 1912.

Large, white worms, tapering more towards the anterior than
towards the posterior extremity, so that the body reaches its maximum
thickness behind its middle. The cuticula is thick and finely striated

transversely and forms the usual collar round the head. The cervical

papillae are situated at unequal heights, the right 700// and the left

880/z from the anterior end. There is a dorsal papilla in both sexes

behind the middle of the body. The mouth is a dorso-ventral slit

bounded by two lips, flat on their inner and convex on the outer
sides. Each lip bears three papillae, a large median “

external ”

tooth, two lateral double teeth, an internal median trifid tooth, and
a transverse internal ridge of denticles (fig. 26). The oesophagus is

pigmented, and corresponds to l-9th of the body length in the female.
Male 2.5-4 cm. long and 1.2-1. 5 mm. thick. The hind end is

curved ventrad and possesses large lateral alae. There are four

stalked papillae, two situated preanal and postanal
;
the usual three

preanal sessile papillae are present, as well as six pairs of postanals,

of which No. 4 is shortly stalked. The circumcloacal region is

covered with sharp cuticular tubercles, as given in the figure (fig. 27).

The spicules are unequal, 4.3 and 5.3 mm. long, the latter being
protruded in a curve.

Female 3-8 cm. long by 0.8-2 mm. thick. The tail is 900// long,

and often has the cuticle much inflated (fig. 28) ;
there is a pair of

ventro-lateral papillae near the tip of the tail, as in other species

of this subfamily. The nerve ring is 530// from the mouth and the
excretory pore 1 mm. The vagina opens 5 mm. behind the end of

the oesophagus, dividing the body-length in the proportion of 1:5.
It is very short and continued into a cuticular ovijector of 3 mm.
length, continued by the musculo-epithelial portion 3.5 mm. long,
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of wlkicli the anterior 3 mm. form a wider reservoir. There
are four uteri, which run backward. The eg'gs are oval, thick-shelled,

50/x by 85y.
Host Papio porcarius and Cercogithecus pygerythrus. Intestine.

Transvaal.
Also recorded for Macacus cynomolgus, Henry and Blanc, 1942.

Leptosovia varan

i

(Parona, 1889).

Syn. Physaloptera paradoxa Von Linstow, 1908.

(?) Physaloptera quadrovaria Leiper, 1908.

Physaloptera varani Parona, 1889.

White worms with a finely striated cuticula which forms the

collar around the mouth. There are two large lateral lips, bearing
each three papillae, a large median “ external ” tooth, two double
lateral teeth, an inner median trifid tooth, and a transverse lidge of

denticles.

Male up to 23 mm. long and 800y thick. The oesophagus is 2.0
mm. long. The caudal alae are well developed and wide at the top.

The cloacal aperture is bounded by two prominent lips and sur-

rounded by the usual four stalked papillae on each side. There are

one unpaired and a pair of preanal sessile papillae and seven pairs of

postanal sessile papillae, of which Xo. 1 is very small and subterminal
and Xos. 6 and 7 close to the posterior border of the cloaca. Seurat

(1914) states that the fourth and fifth pair are somewhat asymmetri-
cally placed, which I could not find to be the case in my specimens.
As is often the case in other species, Xo. 5 is shortly stalked. The
circum cloacal region is covered with cuticular tubercles. There are
two very unequal spicules, the right measuring 150y by 25y and the
left 3.2 mm. long (Seurat gives 100y by 35y and 1.92 mm. respec-
tively).

Female up to 37 mm. long and 1 mm. thick. The tail is conical
and pointed, 500y long. In an adult female the oesophagus is 3.3
mm. long, the nerve ring 380y from the anterior end, the excretory
pore 680y, left cervical papilla 540/x and the right G30y. The vulva
divides the body in the proportion of 1 :3. There is a narrow cuticular
cvijector 2.2 mm. long, which runs backwards into the museulo-
epithelial portion, beginning with a reservoir 1.5 mm. long' and a
narrow portion 500/x long; the latter joins on to four uteri. The eggs
have thick shells and measure 52,a by 30/t

;
ovovivi parous.

Host Varanus (?) albigularis. Intestine. Transvaal.
Also recorded for V. bengalensis, Parona, 1889; (?) V. niloiicus,

Leiper, 1908; V. griseus, Cerastes earn ulus, and Chamaeleon
sp., Seurat, 1914.

Family Gnathostoniidae Haillmt. 1895. emend. Baylis and Lane,
1920.

Syn. Cheiracanthidea Dies., 1861.
Diagnosis .—Spiruroidea : With two large, trilobed, lateral lips,

having the cuticle of their inner surfaces thickened and usually
raised into longitudinal tooth-like ridges, which meet or interlock
with those of the opposite lip. Tail of male with more or less well-
developed lateral alae; two spicules. The ovijector runs forward from
the vulva before giving off the two or four uterine branches. Eggs
with thin shells, ornamented externally with fine granulations.

Subfamily Gnathostoinir a

e

Baylis and Lane, 1920.
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Diagnosis.—Gnatliostomidae : with a cuticular head-bulb pro-
vided either with marked transverse striations or with rows of back-
wardly directed hooks, and containing four membranous, submedian
ballonets, the cavity of each of which is in communication with one
of four elongated, blind, cervical sacs hanging freely in the body-
cavity. Habitat: Usually stomach or intestine of fishes, reptiles, and
mammals.

Type genus Gnathostoma Owen, 1836.

Genus Tanqua It. Blanchard, 1904.

Syn. Ctenocephahis

•

Yon Linstow, 1904; Tetradenos Von Lin-
stow, 1904.

Diagnosis.—Gnathostominae : Body unarmed, with a thick

cuticle. Head provided with two lateral lips, each bearing three

papillae
;
the lips are five-lobed, the lobes having strong cuticular

borders acting as teeth and interlocking with those of the other lip.

The head bulb is markedly striated transversely and forms two or

four swellings containing the ballonets. Behind the head is a more
or less pronounced cuticular collar into which the whole head or only
a part of its base can be retracted. Tail of male with well developed
alae and eight pairs of papillae, certain of which have a character-

istic swelling about the middle. Two equal, curved spicules covered
with minute, pointed tubercles. The vulva is situated behind the
middle of the body

;
the ovijector runs forwards and gives off two

opposed uteri or three forwards, and one backwards. Eggs oval with
thin shells, which are finely granulated.

Type species Tanqua tiara (Von Linstow, 1879).
Tanqua tiara (Yon Linstow, 1879).

Syn. Ascaris tiara Yon Linstow, 1879; Ctenocephalus tiara Von
Linstow, 1904; Tetradenos tiara Yon Linstow, 1904.

White worms with a thick cuticle which is irregularly wrinkled
and finely striated transversely. The head is large and is followed

by a collar portion into which a part of its base can be retracted

(fig. 29). Baylis (1916) and Baylis and Lane (1920) state that the

head is retractile only in T . diadema, where it is completely retrac-

tile. Among the specimens examined by me some had the head even
more retracted than the one shown in the figure, whilst others had
the whole basal portion protruded and the “ collar

” consequently
flattened out. The lips are large and have a thick pulp; each bears

a median and two lateral papillae and is divided into five lobes

which interdigitate with those of the other lip (fig. 30). I would
not call these projections

“
teeth ” as they are fleshy, although they

have strong cuticular borders which evidently function as teetli

.

Each lateral lobe bears besides a strong inwardly curved cuticular

hook. Between the lips there is dorsally and ventrally a small deeply
cleft intermediate lip, which is only well visible when the lips are

opened. Posteriorly to the lips the head bears four large submedian
swellings whose cuticula is markedly striated transversely. As has
been shown by Baylis and Lane, these head bulbs contain cavities

or ballonets, which are in communication with the cervical sacs.

The latter are about l-4th as long as the oesophagus and lie freely

in the body-cavity. The oesophagus corresponds to about l-5th of the
body-length and is not provided with a bulbus.

Male 25-28 mm. long by 850y thick. The hind end is curved
ventrad; the alae are well developed, and there are four pairs of
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postanal papillae, of which Nos. 1 and 4 are small, the latter situated

nearer to the middle line than the others, one large pair of paranal
papillae and three pairs of preanals, of which the pair nearest to the

anus is small and very near to the paranals (fig. 31). The foremost
two pairs of preanals, the paranals, and Nos. 2 of 3 of the postanals

are finger-like and have characteristic swellings around their middle.
The spicules are 1460/x long and ornamented with minute, pointed
tubercles. The posterior end of the body, anteriorly to the anus, is

provided with a series of muscles running from the middle line

obliquely forwards and outwards.
Female 20-35 mm. long and 1.2 mm. thick. The tail is pointed

and corresponds to l-50th of the body length. The vulva divides

the body-length in the proportion of 30:7. The vagina is short and
leads into a cuticular ovijector of 1400/4 length, directed forwards,
where ft joins the musculo-epithelial portion (fig. 32); this first forms
a wide part, 900/4 and 440/4 maximum thickness, which gives oft

posteriorly' one branch and anteriorly three branches, each measuring
about 700/4 by 180/4

;
these branches suddenly narrow and continue

for another 1300/4, where each joins a relatively short uterus of 1400/4

length, continued into a seminal receptacle and a long, coiled ovary.

(These measurements were taken from a female of 25 mm. length.)

The eggs are thin-slielled and measure 56/4 by 36/4.

1 did not find any of the other forms of branching of the ovijec-

tor as described by Baylis and Lane
;
however, these stages are of

interest as one may probably conclude from them that the state of

affairs as described above has been derived from a more primitive
form with two opposed uteri as we have in Tanqua diadcvia and
T. anomala, each of the uteri dividing into two and one of the

posterior two branches being secondarily displaced forwards.

Host Varanus (?) albigularis. Zoological Gardens, Pretoria.

Also reported for several other species of Varanus.

Superfamily Filaroidea Weinland, 1858.

Family Filanidae, Claus, 1885.

Subfamily Filariinae, Stiles, 1907.

Genus Filaria, Muller, 1787.
Diagnosis.—Filariinae : Caudal extremity of male forms a

spiral provided with alae. Simple body, devoid of prominent
cuticular ornamentation or cervical alae. Oesophagus simple withe ut
cuticular rings or spirals. Male with four pairs of preanal papillae.

Female with two uteri and the vulva anterior.

Type species Filaria martis, Gmelin, 1790.
Filaria martis, Gmelin, 1790.

Syn. (?) Filaria uiedinensis, Rosa, 1794; F. mustelarum Rud.,
1809 ;

Filaraia mustelarum Rud., 1809; Filaria, mustelarum,
subcutanea, Rud., 1819; Filaria mustclae foinae, Crepl.,

1846; F
.
quadrispina, Dies, 1851; F. perforans

,
Mol., 1858;

(?) F. mustelae barbarae, Mus. Wien. Collect., Brazil, in

Mol., 1858; (?) F. mustela barbata Mol., 1858.
Long, slender, white worms. The anterior end is attemiated,

but not so much as is given in the drawing of Schneider (1866).
Cuticle thick, with very minute and closely arranged longitudinal
striations. A pair of lateral cervical papillae situated in the male,
the left 160/4 and the right 140/4, and in the female respectively
180/4 and 160/4 from the anterior end. The mouth is small and un-
armed, surrounded by six large papillae, of which two are lateral
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and tlxe others submedian (fig. 35), the ventral submedian papillae
in the female being nearer to the mouth-opening than the dorsal

(fig. 34). In addition, the female has a pair of small papillae lateral

to the vulva, which opens near the mouth, and the male apparently
has, instead of these, four small papillae which are submedian and
anterior in position to the large submedian papillae. The oesophagus
corresponds to 3-40ths of the body-length in the female.

Mole about 9.5 cm. long and 300/x thick. The posterior end is

thin and twisted spirally, but not coiled. There are broad cuticular
alae which meet behind the extremity of the tail (fig. 35). The
papillae do not seem to be constant in number and position; they
are very delicate and so probably easily lost. As a rule, there are
three pairs of preanals, but one specimen possessed four pairs.

Schneider remarks that he could find only three pairs, but he thinks

there may be four. The postanals are given by him as six pairs;

however, in his drawing the arrangement is not symmetrical. After
examination of the male specimens at hand, it appeared that there
is a maximum of eight pairs of postanals, of which, however, no
specimen presented the full number. The papillae are arranged in

two rows of four on each side, the anterior papillae tending to be
suppressed

;
as a rule, the suppression is greater on the right than

on the left side, which may be a result of the way in which the tail

is twisted. Fig. 41 shows a typical example. This species would
therefore have a maximum of four pairs of preanal and eight pairs

of postanal papillae. There are two unequal spicules measuring
right 180y and left 680/x in length. The shorter spicule is conical,

the long-er is twisted and provided with lateral alae which are trans-

versely striated in the distal l-3rd of their length.

Female up to 24 cm. long and 400/x thick. The hind end is not

twisted or coiled, but the tail is curved ventrad. It ends bluntly
with a terminal circular area whose surface is roughened, sometimes
appearing papillate. The anus is situated 4-00/x from the tip. The
vulva opens close to the mouth, leading into a short vagina and an
ovijector of 14.5 cm. length, the latter 4.5 cm. being widened to form
a reservoir for the eggs

;
the ovijector then gives off two uterine

branches that run backwards. The eggs are rather wide about the

middle: they have a thick shell and measure 52/x by 28/x, the shell

being 6.5/x thick. Ovoviviparous.
Host Ictonyx capensis. (?) Subcutaneous. Transvaal. Reported

also for several other Carnivora.
Hall (1916) notes that Filaria subcutanea Yon Linstow, 1899,

is probably a synonym of F . mortis, and that it is a homonym of

F . subcutanea Parona, 1894, but that its relation to F . mortis should
be first ascertained before renaming the species. The same remark is

repeated by Boulenger (1920) while redescribing F. subcutanea Von
Linstow. A comparison of the latter description with the above'

leaves no doubt that we are dealing with two different species, and
the species of Yon Linstow should therefore be renamed.

Accordingly, I wish to propose for it the name Filaria subclev-

mata (syn. F. subcutanea Yon Linstow, 1899).

Filaria nodulosa, Rud., 1820.

White, long, and thick worms
;
the cuticle is finely striated

transversely and covered with minute tubercles. The body tapers

a little towards the extremities, which are rounded off in both; sexes.
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They have very much the appearance of Diplotriaena tncuspis,

especially on account of a pair of prominent papillae at the sides

of the mouth, which resemble the projecting point of the trident in

that species. These worms can be easily recognized by the con-

spicuousness of the intestine, which is very narrow and of a deep
brown colour, taking a ventral course along the body. The mouth
is a wide, oval, dorso-ventrally directed opening, bearing at each
side a rectangular cuticular tooth (fig. 36). Externally to each tooth
stand five papillae in a somewhat marked-off area, the central one of

these papillae being stalked, the others sessile. The oesophagus has
an anterior muscular portion, which is much thinner than the
posterior glandular portion.*

Male 26 mm. long and 050/* thick. The oesophagus is 6 nun.
long. The tail is straight, the caudal alae are of medium size. There
are four pairs of preanal and two pairs of postanal papillae, which
are not conspicuous. The spicules are thick and very unequal; the
right is 340y long and the left 2.16 mm.

Female 105 mm. long and 1.4 mm. thick. The oesophagus is

9.7 mm. long. The anus is small and subterminal. The vulva lies

1.06 mm. from the anterior extremity, and has salient lips. There
are two posteriorly directed uteri, one of which turns forwards again
in the last quarter of the body. The eggs are thick-shelled and
measure 56y by 3 6/x. Ovoviviparous.

Host Denaromus chrysurus. Transvaal.
Also recorded for Lanius collurio, h. minor, L. rvfus, L. elegans,

fj. excubitor elegans, L. erythronotus, and Collurio
l udovicianus

.

Genus Set-aria, Viborg, 1795.

Setaria Hornbyi, lion longer, 1920.

Eong, slender, white worms; the hind end of the body is coiled

m a loose spiral, and the anterior end is slightly narrowed. The
head ends bluntly; the mouth-opening is a small dorso-ventral slit

with a cuticular border. The peribuccal ring is deepljr notched
laterally, and also dorsally and ventrally, so as to present the appear-
ance of four tootli-like processes projecting anteriorly. The head
papillae are rather inconspicuous. The cuticle has fine transverse

striations only in the posterior body region. The oesophagus is devoid
of a bulbus and corresponds to one-tenth of the body length

;
it has a

short, narrow muscular portion, anteriorly followed by a long glan-
dular portion ffig\ 37). The nerve ring surrounds the muscular
oesophagus just before its middle, and there is a pair of lateral

cervical papillae at a point opposite fho beginning of the last quarter
of the muscular oesophagus. The cuticle stops short a little distance
from the anterior end, and there is on the ventral side a small
opening of cervical glands through the anterior border of the cuticle.

Male 70 mm. long and 400/x thick. The last 5 mm. of the body
are thin and spirally coiled, and present strong cuticular ridges on

the ventral side, which is more or less flattened; these ridges are 1 2/*

wide and 25-35/x apart. The cloacal aperture is 120/t from ihe tip of

the tail. There are four pairs of preanal papillae and four pairs of

postanals, with another pair of minute subterminals. Lateral appen-
dices are small. The spicules are very unequal, the right being 120/r

long and the left 430/x, the latter consisting of a proximal cylindrical

* Seurat (1015) says that t here is no (lift renee betweed the two parts of the oesophagus.
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a long’ serrated point (fig’. 38).

Female 110-130 mm. long and 850y thick. The hind end is thin
and coiled in a loose spiral. The tail is 440/i long, with a swollen,
irregular extremity, and bearing also a pair of small lateral appen-
dices. The vulva is situated at the height of the cervical papillae
and is not salient; it divides the body-length in the proportion of

1:250. The vagina and the cuticular ovijector have a very strong
muscular coat and join the narrower musculo-epithelial ovijector

through a strong sphincter, the tube being twisted here in the form of

an S. The musculo-epithelial ovijector is about 7.5 mm. long, running
directly backwards and joining the single uterus near the end of the
oesophagus. The uterus and ovary form numerous slings in the
posterior portion of the body. The eggs are oval, thin-shelled, and
measure 28/i by 16/i. Viviparous; the embryos have a blunt anterior

end and a long thin tail and measure 180/i by 5/i.

Host Oreotragus saltator, Cephalophus grimmia, Iledvnea
arundinum, JRaphiceros campestris

,
R. sharpei colonicus, and

Cervicapra fulvorufvla. Peritoneal cavity. Transvaal.
This species corresponds in several respects to Filaria transversata

Von Linstow, 1907, from Cephaloloplius melanorheus (Kamerun), and
it may be possible that the two are identical, as S. TIornbyi seems to

occur in a large number of wild African antelopes.

Subfamily Diplotriaemnae Sckrjabin, 1916.

Genus Diplotriaena Pailliet and Henry, 1909; Diplotriaena
tricuspis (Fedtschenko, 1874).

Syn. Filaria tricuspis Fedtscli., 1874; Filaria unguiculata
y

Hud., 1819; Filaria monticelliana, Stoss., 1890; Filaria
ninnii Stoss, 1891 : Filaria alaudae, Zed., 1803.

Body long and cylindrical, slightly tapering at the extremities,

which are both rounded off. The cuticle is not transversely striated.

The mouth is small and is surrounded by eight papillae, four sub-
median, and the others dorsal, ventral, and lateral. Anteriorly to

the lateral papillae is on each side a depression from which projects
a short pointed tooth, which is prolonged internally into a stem
giving off backwards three roots; the whole trident has a length of

130-150/1 (fig. 39). The oesophagus consists of a short anterior
muscular portion, which is transparent and surrounded by the nerve
ring before its middle, and a darker muscular portion of relatively

great length, corresponding to about one-tenth of the body-length in

the male and one-twenty-fifth in the female. The intestine is darkly
pigmented. The excretory pore is fairly prominent, opening a little

distance behind the mouth ; the lateral lines are very conspicuous on
account of the clearness of their nuclei.

Male up to 50 mm. long and 7OO/i thick. The tail is blunt and
short, 125/i. There are four pairs of preanal and two pairs of postanal
papillae. The spicules are very unequal, the leXG being straight and
1.4 mm. long, the right twisted spirally and about 800/i long,

measured in a straight line.

Female up to 18 cm. long and 900/t thick. The anus is sub-
terminal. The vulva is situated 0.5-0. 8 mm. from the mouth, the
excretory pore being about in the middle between these two points

(fig. 39). The ovijector has a strong muscular coat and is 4 mm.
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iong, dividing to form two uteri, which run backwards; alter some
distance one uterus doubles back upon itself and runs forwards again.

The uteri are turned in numerous coils around the intestine. The
seminal receptacles are very large and conspicuous, the one lying near

the hind end of the body and the other shortly posterior to the

oesophagus; a coil of the anterior ovary reaches almost up to the

trident and is present in that position in all specimens (fig. 39). The
eggs have thick shells and measure 60/x by 35a. Ovoviviparous.

Host Otis rvficresta. Crop and abdominal cavity. Transvaal.

liecorded for numerous birds.

Genus Ancylostoma Dubini, 1843.

Ancylostoma caninum (Ercolani, 1859).

Syn. Doehmius Balsami Parona et Grassi, 1877
;
Uncinaria trigo-

nocephala Baill., 1885; Anlcylostomum, tubaeforme v. Linst.,

1885; Ankylo.Aoma caninum Ward, 1895.

Host Genetta India. Canis familiaris. Intestine. Transvaal.

Several pairs were found in copula.

Ancylostoma ceylanicum (Looss, 1911) Leiper, 1915.

Host Canis familiaris

.

Intestine. Transvaal.

This species occurs together with A. caninum and can be easily

recognized on account of its smaller size and the presence of one

large tooth covering another small one on each side in the mouth
capsule.

liecorded also for Man, Felidae, and Canidae.

Tribe Deletrocephaleae Bail Let and Henry, 1911.

Genus Tlieileriana, n. gen.
Diagnosis.—Deletrocephaleae : The body is straight and the

mouth terminal, circular, and surrounded by eight papillae, of which
the four submedian in position are smaller than the others. The
buccal capsule is shallow and contains a single leaf crown. Two
equal slender spicules, which are not twisted. The bursa is trilobed.

The ventro-ventral and latero-ventral rays are close together and
parallel. The medio-lateral and postero-lateral rays are not close

together but parallel, and the externo-lateral diverges from the other
lateral rays. The externo-dorsal ray originates from the dorsal stem
near its base. The dorsal trunk divides to form the two dorsal rays,

each of which bifurcates again. The vulva is situated near the anus,
and the uteri are convergent.

Type species Tlieileriana brachylaima (Yon Linstow, 1901).
Tlieileriana brachylaima (Yon Linstow, 1901).
Syn. Strongylus

(Deletrocephalus ) brachylaimus Yon Linstow,
1901 ; Kiluluma brachylaima Sckrjabin, 1916.

The cuticle is transversely striated at intervals of 21y. There is

a pair of thorn-shaped lateral cervical papillae 0.7 mm. from the
anterior end, not exactly at equal height. The excretory pore opens
just in front of these. The buccal capsule is formed by a cuticular
prominence narrower in front than behind, and presenting a double
constriction posteriorly (fig. 40). The capsule is shallow and bears on
its outer border eight papillae, of which four larger ones stand dorsal,
ventral, and lateral, and four smaller submedian in position. The
larger papillae are thick at their bases, with a thin, bifid projT
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central portion, of which the one point is longer than the other. The
cuticular lining of the buccal capsule forms a leaf-crown of about
twenty-four radially arranged lamellae, and in the base of the capsule

a cuticular rim with indented upper edge. The oesophagus is 0.5-0.

6

mm. long and has the posterior three-fifths of its length, behind the

nerve ring, dilated (fig. 41).

Male 12-13 mm. long by 550-600/r thick. The body is curved or

rolled in a ring and of a light-brown colour. The bursa has two large

lateral lobes and a small median lobe (fig. 42). The ventro-ventral

and latero-ventral rays are close together and parallel and weaker
than the other rays. They come off from the main stem of the

iateral rays some distance from its base. The medio-lateral and
postero-lateral are not close together but parallel, the former being
thick and having the appearance of a double ray on account of a

longitudinal groove along-
its middle. The externo-lateral diverges

from the medio-lateral rays. The externo-dorsal ray originates from
the common dorsal stem near its base. The dorsal trunk divides to

form two thick branches, each of which soon bifurcates to form a

shorter external and a longer internal branch. Prebursal papillae are

present. The two equal spicules are 3.2 mm. long; they are thin, not
twisted, and apparently have their ends fused. A gubernaeulum is

absent.

Female 20 mm. long and 850y thick. The body is usually
straight, white, and the darkly pigmented intestine takes a zig-zag
course. The tail is short, conical, and ends with a sharp point (fig.

43). The vulva opens just anterior to the anus. In most females the
cuticula in front of the vulva, which is always a little raised, dilates

to form a backwardly directed collar 720/t high. The uteri are con-
vergent. The eggs measure I40y by 70a.

Host Procavia capensis. Transvaal.

Von Linstow’s description and figures of this nematode leave
some doubt as to the origin of the externo-dorsal ray in the male
bursa, and nothing is said as to the divergence or convergence of the
uteri/, as was noted by Hall (1910). Apparently it does not belong to

the genus Del'etrocephalus, Dies., 1801, as noted by Sckrjabine (1910),
who placed it in his genus Kihthnna created for Deletrocephalvs
stylosus You Linstow, 1907, from Pin naceros africanus. However,
according to the diagnosis of that genus, it does not belong there
either, and for this reason T now place it in the new genus Theile-
riana as Theileriana Irrachylaima (Yon Linstow, 1901).*

Genus Codiostomum If ailliet and Henry,. 1911.
Cadiostomum struthionis (Horst, 1885).

White or light-yellow worms of a rather stiff appearance as
common amongst the Strongylidae. The buccal capsule is 280y deep
and lOOy wide at the oral opening; it has an outer and an inner leaf-

crown and a well-developed dorsal gutter (fig. 44). The oesophagus
corresponds to one-fourteenth of the body-length in the female and
one-twelfth in the male.

.

Male 13 mm. long and 450/c thick. The bursa has large lateral

lobes and a relatively large dorsal lobe which stands out perpen-
dicularly to the body (fig. 45). The ventral and lateral rays begin
with a common stem, which then splits, and each group has a short

* See also additional note, p. 4.'>9.
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common stem again. The ventral rays are not quite close together,

but parallel; the medio-lateral ray is much larger than the other

lateral rays, the externo-lateral lies close to it, while the postero-

lateral diverges from it; the externo-dorsal rays are long and slender

and come off from the base of the dorsal trunk
;
the latter is continued

for some distance before it divides into the two dorsal rays, each of'

which gives off a small bifid external branch near its origin from the

common trunk. There is a large genital cone bearing well developed
prebursal papillae. The spicules are equal, about 1 mm. long,

winged and cross-striated, and widened towards the proximal one-

third of their length. There is a small boat-shaped gubernaculum
of about 84// length. The testis is closely wound round the anterior

portion of the intestine.

Female 17 mm. long and 560// thick. The lateral cervical papil-

lae are situated 900//. from the anterior end, the excretory pore 800//,

and the nerve ring 660//. The vulva and the anus are 250/x apart,

and the tail ends in a mucronate tip 128// long, from the base of which
the anus is located at a distance of 44// (fig. 46). The cutieula around
the vulva is often inflated and may form a considerable protrusion.

The vagina is 120// long; the cuticular ovijeotors, which separate
directly at the vagina and run parallel, are 620// long, and the

musculo-epithelial ovijectors have a length of 1.5 mm. The eggs
are oval and measure 06 u by 35//.

Host Struthio australis. South Africa.

Family Trichostrongylidae Railliet, 1915.
Subfamily Helig mosominae Travassos, 1914.
Genus Impalaia n. gen.
Type species Impalaia tuberculata n.sp.

Host Aepyceros melampus. Intestine. Transvaal.

Addendum.
After the above manuscript had been completed, my attention

was drawn to a paper by Miss M. Turner in Trans. Roy. Soc. Trop.
Med . and Hyg., Yol. 15, Nos. 5 and 6, 1921, “ On some Helminth
Parasites of an East African Rock Rabbit

(
Procavia sp.),” in which

the author redescribes Oxyuris flagellum Hempr. and Ehrbg., 1828,
and at the same time the first description of the hitherto unknow n
male is given, on the special characters of which the genus Hoplodon-
iophorus is created for this species. Furthermore, the author also
redescribes Strongylus {Delei rocephalus) brachylaimus Yon Linstow,
1901. and leaves it in the genus Deletroccphalus as D. brachylaimus,
where, however, it does apparently not belong, as has already been
found bv Sckrjabin (1916).

LIST OF PARASITES WITH THEIR HOSTS.

REl’TILIA.

Lacertilia.
Varanus sp.

Tanqua tiara.
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Aves.

Struthionidae.
Struthio australis.

Codiostomurn struthionis.
Colymbidae.
Podiceps capensis.

Con t ra ca ec um pro estrin turn.
Ardeidae.

Ardea cinerea.

Contrucaecum arcuatum.
Ardea melanocephala.

Porrocaecum serpentul us.

Falconidae.
Melierax gaoar.

Physaloptera Galinieri.
Circestus pectoralis.

Porrocaecum depressum.
Phasianidae.

Numida papillosa transvaalensis.

Ascaridia numidae.
Allodapa suctoria.

Pternistes swainsoni.
Coturnix delagorguei.
Sephina fraucolinus.

Allodapa suctoria.
Otididae.

Otis ruficresta.

Diplotriaena tricuspis.
Hartertia obesa. H. rotundata.

Otis afroides.

Hartertia obesa.
Cliaradriidae.

Stephanibix coronatus.

Hartertia rotundata

.

Oedicnemidae.
Oedicnemus capensis.
O. vermiculatus.

Hartertia rotundata.
Allodapa suctoria.

Columbidae.
Columba domestica.

Ascaridia maculosa

.

Pteroclidae.
Pterocles bicinctus.
Pteroclurus namaqua.

Syphaciella capensis
llucerotidae.

Lophocercos leucomelas.
L. ervthrorhvncha.

Hartertia rotundata.
Capitonidae.

Indicator indicator.

Hartertia rotundata.
Picidae.

Dendromus chrysurus.

Filaria nodulosa.
41a udidae.

Mirafra sabota.

Diplotriaena tricuspis.
Nila us brubru.
Urolestes melanoleucas.
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Ilartertia rotundata.
Tymeliidae.

Crateropus jardinei.

Ilartertia obesa.
Pycnonotidae.

Pycnonotus carpensis nigricans.

Ilartertia rotundata.
Sturnidae.

Lamprocolius phoenicopterus bispecularis.

Ilartertia rotundata.
Ploceidae.

Ploceipasser mahali.
Textor niger.

Ilartertia obesa.
Ilartertia rotundata.

Fringillidae.
Pyromelana oryx.

Diplotriaena tricuspis.

Mammalia.
Hyracoidea.

Procavia capensis.

Crossophorus collaris.

Oxyuris flagellum.
Theileriana brachylaimn

.

Ungulata.
Oreotragus oreotragus transvaalensis.
Cephalophus grimmia.
Rapliiceros campestris.
Redunea arundinum.
Cervicapra fulvorufula.
Raphiceros sharpei colonicus.

Setaria llornbyi.
4epyceros melampus.

Impalaia tuberculata

.

Rodentia.
Paraxerus cepapi.
Mus concha.
Mus Pretoria.
Arvicanthis pumilis.
Otomys irroratus.

Leptosoma africana.
Lepus zuluensis.

Vermatoxys veligera
Edentata.

Manis temmincki.

Spiroptera orca.
Carnivora

.

Felis pardus.
Felis caffra.

Canis mesomelas.
Genetta ludia.

Chlamydonema felineum.
Genetta ludia.

Ancylostoma caninum.
Mellivora capensis.

Physaloptera sp.
Ictonyx capensis.

Filaria martis.
Felis leo.
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Belascaris rnystajc.

Primates.
Papio porcarius.

Leptosoma tumefaciens.
Strcptopharagus arrru.it as.

Cercopithecus pygerythrus.

Trichuris tricliiura.

Leptosomu t u mefa ciens.
Streptophuragus a rmat us.
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Fig. l.—Porrocaecum serpentulus. Hind end of male. Fig. 2.—Crossophorus
coltaris. Anterior extremity, ventral view. Fig. 3.— Crossophorus collaris. Diagrammatic
representation of fimbriae of lips (after Neveu-Leinaire). Fig. 4.— Crossophorus collaris.
Inner aspect of lip. Fig. 5.— Crossophorus collaris. Hind end of male.
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Fig. 6.

—

Ascaridia numidae. Head, dorsal view. Fiq. 7.

—

Ascaridia numidae.
Tail of male. Fig. 8.

—

Ascaridia maculosa. Hind end of male. Eig. 9.

—

Alloda/ia
suctoria. Hind end of male. Fig. 10.— Oxjuris flagellum. Anterior view of head.

25
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Fig-I *.—Dermatoxys veligera. Hind end of male
reltge ra. Female genital organs. Fig. 16.—Spiroptem onrrn 1 '. Jlartertia rotundata. Ventral view of head FigHind end of male.

Fig. 15 .—Bermatoxys
Hind end o* male.

•—Hartert la rotundata.
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Fig 24

Pig. 22.—Streptophavagus armatus. Hind end of male. Fig. 23.—Phymloptera
Galinieri. Lateral view of head. Fig. 24.—Phymloptera sp. from Mellivora capens-i*.

Lateral view of head. Fig. 25.—Chlamydonema felineum. Female specimen. Fig. 26 .

—

Leptosoma tvmefaeie'ns. Inner aspect of a lip.

'
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1^.29.

Fiu. 28 Leptosoma t umefac ien*. Tail of female with inflated cuticula. Fig 29—7an-

VZ oi'
a '

r ’ J
entral

,T
icT ,

FlG - H0--Tan™ tiara. Head .seen from the frontitlG. 31 .—Tanqua tiara. Mind end of male.



472

Fig. 32 . —Tanuaa tiara. Female genital organs. Fig. 33 —Filaria mart is.

head, ventral view. Fig. Hi .—Filaria martis. Female head, anterior view.

Male
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Fig. 45.— Coiliostomuni struthionis. Male bursa, lateral view.
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Fig. 46.— Codiostoim/iii struthionh. Hind end of female.
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.

Introduction.

The present study may be defined as a preliminary study into

the blood of equines.

In general any haematological study may be undertaken with the
primary object of obtaining knowledge of the normal blood, or with
the ulterior object of obtaining information for use in the study and
interpretation of disease. But since disease is merely a deviation

from the normal, all information concerning the blood in disease is

useless without comparative data for healthy blood.

The problems in connection with blood are so diverse and so

numerous that a simultaneous inquiry into all of them is obviously
impossible. The chemist, the physicist, and the biologist each has
a vast field of study open to him, and apart from the fact that no
one worker is competent to cover the whole field, any single inquirer

must necessarily limit himself to a few problems only, and trust that

he is forging links in the chain of fuller knowledge.
The amount of recent work on human blood is considerable, but

unfortunately the study of the blood of animals has not received the
same attention. Any inquiry into animal blood therefore serves the
dual purpose of providing information about the particular animal,
and of rendering possible a comparison with the more extensive data
upon the human subject.

In the present work the blood of the horse, mule, and donkey
is considered in reference to the morphology and numerical distribu-
tion of formed elements, and to the influence of various factors,

notably exercise, upon structural composition.
For convenience the work is divided into the following sec-

tions :
—
Section 1.—Technique.
Section 2.—Preliminary observations on the erythrocytes of

equines, and accuracy of figures obtained.
Section 3.

—

(a) Main observations on the erythrocytes of the
horse.

(b) Erythrocytes of donkeys and mules compared
to those of the horse.

Section 4.—The blood of equines in stained smears, including
the classification of the leucocytes.

Section 5.—Leucocytes of the horse. Number and differential

counts.

* Constructed from a thesis accepted in 1921 for the degree of D.Sc. in the University
of South Africa.
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Section 6.

—

(a) Leucocytes of the donkey and mule compared
to those of the horse.

(
b

)

Leucocytes of mares in and with foals, and of

foals, compared to those of the horse.
Section 7.—Summary of important conclusions drawn in the work.
Section 8.—Discussion.

Section 1.—Technique.

The source from which the blood of an animal is obtained is a
matter of considerable importance, and one to which inadequate
attention seems to have been devoted in the many investigations of

the past.

It is a well-known fact that the blood is not constant in composi-
tion throughout the body, and such instances as change in passage
through the mesenteric circulation during active digestion, change
in passage through an actively secreting salivary gland, and change
in passage through the lungs, are too hackneyed to merit more than
illustrative mention here. But changes in concentration of erythro-

cytes at various points of the circulation are not so clearly

recognized, although lack of recognition may lead to serious errors

in blood studies.

For manv purposes it is a matter of indifference where the blood
is drawn from, as for instance, when the presence of blood parasites

is to be established, or the mere morphology of the formed elements
is considered. But, as will be shown later on, the point at which
the circulation is tapped is of the greatest importance when the
distribution of the formed elements is contemplated.

From the point of view of uniformity, the blood in the left ven-
tricle, owing to the churning action of the heart, must be considered
as the nearest approach to perfection

;
while, owing to the rapidity

of flow and regular pulsations in the arterial circulation, the blood
of any artery at all must be considered as much the same. Arterial

blood must also be considered as reflecting the true capabilities for

supplying the needs of the body, and hence information concerning
it is of the utmost importance.

The composition of venous blood, on the other hand, varies with
the part from which it flows and the activity of that part, the
differences being greatest in the capillaries and least in the large
veins approaching the heart, where extensive admixture has again
occurred. By the time the venous blood has reached the right

auricle it obviously only differs from arterial blood in respect to

changes occurring in the lungs, and blood from the large veins has
therefore, from a morphological point of view, much the same ad-
vantages as arterial blood. This is in marked distinction to blood
drawn from the small veins, and it will be demonstrated presently
that peripheral blood from appendages such as the ear can vary
widely from the more average blood of the jugular vein.

Any of the arteries or either of the ventricles would thus be ideal

sources of normal blood for study. For practical reasons, however,
these sources are rarely available, and the ideals have to be abandoned
in favour of the accessible. Of the large veins, the jugular is

regarded as the most suitable, for the following reasons:—
(1) The circulation of the head is relatively larger than that of

any other accessible part of the body, and for this reason the relative

change in the blood for a given activity will be least.
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(2) The whole circuit is comparatively sliort, and the flow of

blood fairly rapid, which will further ensure a minimal change in

the blood.

(3) There is little, if any, obstruction to the flow of blood in the

jugular vein owing to the action of gravity; stagnation is therefore

impossible here under normal circumstances, and the blood is in

consequence kept thoroughly mixed.
For these reasons it seems most unlikely that the jugular blood

can differ much from the blood of the carotids. At the most the
change can be so slight that with our present methods of study iff

would be difficult to detect any but a few chemical changes with
certainty. It is thus probable that the blood from the jugular vein

is a very close approximation to the arterial, and that in consequence
the jugular as a source from which to take blood is very little short

of the ideal. Further, to take blood from the jugular is safe and easy.

Blood is often taken from an appendage by making a puncture.
This tnethod is easy, and quite suitable for certain purposes, such
as for establishing the presence of parasites, or for studying the

morphology of the formed elements. But where required for other
purposes, grave objections against taking blood by this method exist.

The more important objections raised are:—
(1) The puncture involves destruction of tissue and creates a

pathological state
;
here some blood elements may be retained, and

other elements, not normally present in the blood, may be added.

(2) The blood coming from the puncture is mostly capillary,

and partly venous (the arterioles with their thicker walls are not so

likelv to be severed).

(3) The appendages are very readily influenced, as regards their

circulation, by heat and cold, with consequent changes in the com-
position of the blood, as will be shown later.

(4) The blood is obtained from a very minute portion of the body,
and is probably very different from the average.

(5) The quantity of blood that can be taken in this way is very
small, and it is necessarily exposed to the atmosphere for some short
time.

For the above reasons it is thought advisable that appendages
as a source of blood for all but a few purposes should be avoided.
It is fully admitted that in very many cases the appendages only
can be used, as for instance in very small animals, or where sentiment
is against taking blood from the jugular vein. But in the larger
animals, in particular in equines, the jugular vein is not only the
best source, but the easiest source from which to take blood.

One further point needs consideration. It may be claimed that
the error, if any, involved in taking the blood from an appendage,
is constant. This cannot be conceded, excepting if the conditions
throughout remain constant. The peripheral circulation is largely
influenced by such factors as blood pressure, body temperature,
atmospheric temperature, etc., and the state of the blood in the capil-
laries is in consequence influenced to some extent by these factors.
This will be demonstrated later on.

At the very outset difficulties were experienced in trying to
follow the technique described in various text-books. It is not
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intended to mention in detail all the difficulties encountered
;
these

will be mentioned in the description of the technique which was
finally adopted. It should be remembered, however, that it is im-
possible to take the larger animals into the laboratory, and that any
attempt at following the ordinary methods of collecting blood for

counting purposes, or for determining the haemoglobin content,

necessitates the carrying of a lot of material to the place where the
animal is to be bled. The old technique has thus an extra disad-

vantage when the blood of large animals is the subject of study.

The technique employed throughout the series of observations
was constant (except where it is otherwise indicated), and the blood
was always taken from the jugular vein, except where some special

information was looked for. The advantage of the technique will

be considered in giving the description, and some criticism will be
offered against the methods generally described in text-books.

Drawing the Blood .—The object is to obtain a sample of the

blood actually in circulation in the jugular vein. For this purpose
hypodermic needles are very handy. The bore of these needles shoiald

not be less than I mm. in diameter, so that the blood can flow freely

;

nor should it be too big, as that will cause unnecessary damage to

the vein, and the blood flow will be too fast. The needles should be
about 5 to 10 cm. lqng for horses (a bit longer for cattle).

These needles are cleaned, dried, and sterilized. They are then
heated to about 70° C. and placed in melted paraffin wax, of melting
point 60° C. in such a way that the fluid enters the needles. They
are then removed and placed for a minute or so in an upright posi-

tion in an air-oven at 62° C. Most of the wax now runs off, leaving
a very thin film covering the needles inside and outside. This
ensures a smooth surface in contact with the blood.

The hair of the animal is clipped short along the jugular vein,

the skin sterilized, and the needle inserted into the vein in the usual
manner. The needle is now pushed into the vein in a direction

against the flow of the blood, so that its point is at least 2 cm. from
the point of entry into the vein. Blood now flows quite freely

through the needle. If necessary the vein can be slightly compressed
between the needle and the heart, but it is not advisable to draw
blood under too great a pressure.

Where blood is to be taken repeatedly it is advisable to start

low down in the neck on one side and to make each succeeding
puncture a few cm. higher than the previous one. When the whole
length of the vein has been used on the one side of the neck, the
other side is taken. In this way blood has been taken daily (and
sometimes several times a day) for weeks from horses, without causing
the slightest disturbance or discomfort to the animals.

The advantages of taking blood from equines in this way are :
—

(1) Equines do not resent it much
;
not nearly to the same extent

as making a puncture in the ear.

(2) The operation is simple and quick, and after the needle is

withdrawn, the flow of blood from the wound stops almost in-

stantaneously.

(3) Any required quantity of blood can be drawn—blood actually

in circulation, since the small needle in the lumen of the vein cannot
interfere in any way with the flow.

The blood flowing from the open end of the needle in the jugular
vein is now available for any purpose. In these studies the blood
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globin content, count the elements, and to determine the per cent,

volume of the red corpuscles.

Smears .—Smears can readily be made from the blood that issues

from the needle. However the smear is to be made, the blood needed
for this purpose is taken in the loop of a platinum wire, the loop

being held in the blood stream as it issues from the end of the needle.

The particular advantages of using a platinum loop are (a) the

amount of blood taken is more or less constant, and in consequence
the sizes of the smears more or less uniform,

(
b

)

the blood is still

in the state in which it exists in the circulation, and therefore the

distribution of the elements is uniform at the time of taking.

In studying the normal blood of animals, smears are required

for two purposes, (1) for differential count of the leucocytes, and (2)

for study of the morphology. A smear suitable for one purpose is

not necessarily suitable for the other, though the ideal would be to

make a smear in such a way that it could be used for either. This,

according to many authors, is possible with care. The method
according to Craandyk is as follows :

—
A number of microscopic section-glasses are cleaned thoroughly,

and placed on a board. The narrow edge of a clean cover-glass is

then passed backwards and forwards through a small drop of blood,

so that a small amount remains adherent to the edge. This edge is

then brought into contact with the surface of one of the section-

glasses towards one end, so that the angle between the glasses is

50°-60°. The cover-glass supported on the finger in this position,

is slowly pushed over the surface of the section-glass. Other authors
describe a very similar way of making smears, only in their method
a small drop of blood is placed directly on the clean section-glass and
then spread with the edge of another section-glass or cover-glass.

Smears made in this way are very thin, and the red corpuscles
are spread uniformly. Such smears are undoubtedly excellent for

morphological work
;
the cells are well spread out and not much

distorted. But in most cases the distribution of the leucocytes is

most irregular, the larger cells tending to be drawn to the edges.
This is so well marked in most cases that there is practically a con-
centration of the larger cells at the edges of the smear, especially
towards its end. In a few smears this concentration may not be so

marked, but such are the exception rather than the rule. From a
mechanical point of view this is what one would expect, as surface
forces acting upon the larger cells would be much more effective in

rolling these on. For the purpose of differential counting smears
showing this concentration of' the larger cells towards the edges are
not satisfactory, and if used can give rise to misleading results only.

After a short experience in making smears according to Ehrlich’s
method, the following modification was adopted, and was found to
give very satisfactory results with few exceptions. Section-glasses
one inch broad and three inches long are used to make the smears on,

and cover-glasses one inch long and £ inch broad are used for

spreading the blood. The glasses are thoroughly cleaned. With a
platinum loop of suitable size a small drop of blood is taken as it

issues from the needle. This is then rapidly transferred to the sec-

tion-glass, which is held in a horizontal position between the thumb
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and forefinger of the left hand. The drop is placed on tlie main axis
of' tlie slide, towards the end field between tfie fingers. The cover-

glass, field broadwise between tfie thumb and forefinger of tfie right
band, is than very quickly lowered over this drop, which spreads
uniformly between tfie two surfaces. Tfie cover-glass, still field

lightly between tfie thumb and forefinger of tfie right hand, is now
drawn over tfie section-glass along its length, at such a rate that tfie

resulting film is thin enough. This is tfie case when tfie film presents
rainbow colours.

This method of preparing smears is easy and the leucocytes are,

as a rule, evenly distributed throughout the smears. Such smears
were found very serviceable for making differential counts, and gave
more uniform results than smears prepared in any other way. For
morphological work such smears are not so satisfactory, as tfie cells

are as a rule not so well spread out as in smears made as described
above, though tfie nature of the cells can be recognized with ease.

Several objections may be raised against this method of making
smears, of which tfie more important are (1) through pressure, and
owing to the very way tfie smear is made cells may fie destroyed,
especially tfie larger ones, (2) a film will be left on both surfaces.

Experience has shown that neither of these two objections is valid

—

there is very rarely undue destruction of cells, and never a film left

on tfie cover-glass. Some thousands of smears have been made here,

and in the light of such experience, tfie above statement is made with
confidence.

On tfie other hand, this method of making smears for differential

counting seems to have exceptional advantages, which should ensure
a very correct distribution of tfie cells. Tfie particular advantages
claimed for it are the following:—

(1) With a little experience it takes but a fraction of a second
from tfie time tfie blood is taken in tfie loop till tfie cover-glass is

lowered over tfie drop. This ensures a minimum disturbance of

distribution of the cells in tfie drop of blood.

(2) Tfie cells in tfie film between the two surfaces are not directly

acted upon by surface forces, and lienee their distribution cannot be
disturbed by such forces acting more effectively on one than on the
other.

(3) When tfie cover-glass is drawn over tfie section-glass, the

film is so thin that tfie moment it becomes exposed it dries, and the

cells are left in tfie same relative position in which they were in tfie

film between the glasses.

A few practical hints may not be out of place here, as experience
lias to be gained before tfie best results are obtained. The whole
smear should be made in the shortest possible time; in particular

should attention be directed to getting the cover-slip on to tfie drop
as soon as possible. Tfie drop should be very small, for, within
limits, tfie smaller tfie drop is tfie more uniform tfie distribution of

tfie cells is found to be in tfie smear. Here it is aimed at getting a

drop of such a size that tfie resulting smear will be about 2 cm.
long and about 1 cm. broad. If too large a drop is taken the smear
is not very good. Care should be taken that no pressure is exerted

on tfie cover-slip during tfie making of the smear; tfie blood should
spread readily between tfie two surfaces, and where this does not
happen it is an indication that the glasses are skew, or not properly
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clean. Good smears show the colours of the spectrum, and have an
approximately elliptical shape. *It is advisable to make several

smears at the same time, one being used and the others kept in reserve

in case the first one shows some defects which were not obvious to the

naked eye.

In this work smears were always made in both ways, one set

being used for morphological work and the other set for the differen-

tial count of the white corpuscles.

For counting the elements of the blood, dilution is necessary.

This dilution necessitates the accurate measurement of volumes of

fluid. With most of the pieces of counting apparatus on the market
special diluting perquisites are provided. The diluting apparatus
in each case has a pipette with which a definite quantity of blood

can he measured off. It is not intended to describe any diluting

apparatus, as the common makes are familiar to everybody.
It will readily be admitted that these pieces of apparatus for

diluting purposes have a great many disadvantages, of which the

most serious are :
—

(1) They are constructed for the use of small quantities of blood
only, so that any small absolute error in measurement becomes a

large relative error.

(2) They are difficult to use and difficult to clean and they are

easily broken.
These disadvantages are serious enough under the best condi-

tions. but with the large animals an additional disadvantage is added,
namely, that everything has to be done away from the laboratory,
often in stables if not actually in the open, and often some miles
away.

What was aimed at was a method of taking a sample of the blood
in such a way that the necessary measuring operations could be done
in the laboratory. As blood clots rapidly after being drawn, it was
necessary to add some agent that would prevent clotting, and as

solids were found to be unsatisfactory, this again involved measure-
ment; leach extract was unobtainable.

It is unnecessary to mention all the difficulties which were en-

countered, and which ultimately led to the solution of the problem
in a very simple and satisfactory way, after a considerable number
of disappointments.

Small bottles of a capacity of 5-10 c.c. are very suitable for

receiving the blood. The shape of these bottles does not matter,
though it is an advantage if they are short and thick, as they are not
so easily upset then. The essential part of the bottle is its neck,
which must he reasonably narrow and reasonably long. A bottle with
a neck having an internal diameter of about 4 cm. and a length of
about 2 cm. is quite suitable for the purpose. The bottle is prepared
as follows:—

(1) Make a mark (m) on the neck of the bottle with a diamond
point, about 1 mm. above the shoTilder.

(2) By means of a burette carefully measure the capacity (c )
of

the bottle up to the mark (jn), and mark this capacity on the bottle
with the diamond.

(3) Select a cork that will fit well into the neck of the bottle,

without, however, passing too deep into it; clean and sterilize.
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(4) By means of a pipette suitably graduated, add to the bottle

c

-jjj
c.c. of the fluid used against clotting of the blood, and cork the

bottle securely to prevent evaporation.

This bottle is now ready for use. It is advisable to prepare a

considerable number of bottles as it is always an advantage to have
everything ready for taking blood at a moment’s notice.

The blood, as it issues from the end of the needle in the vein,

is received directly into the bottle, and allowed to flow till its level

stands at the mark (m) on the neck. After a very short experience
this is very easily achieved

;
but it is always advisable to take about

three bottles where a horse is to be bled, in case of accidents. But
even if the exact amount of blood is not drawn, the corresponding
correction can always be made in the operations in the laboratory,

by measuring the actual error made. AVhen the desired amount of

blood has been collected the bottle is immediately corked and lightly

shaken, to ensure mixture of the blood and fluid. In the present
work 7| per cent, citrate of soda was used to prevent clotting, and
gave excellent results, as only in one instance did the blood clot.’

There is no reason, however, why other agents should not be used
to prevent clotting. (Solid anticoagulants gave disappointing results

and were abandoned.)
The particular advantages of taking blood in the way described

are :
—
(1) The apparatus required is cheap, and can be easily prepared

in any laboratory.

(2) The method is extremely easy and quick, and can be practiced

with equal ease in a bleeding-hall, stable, or in the open. Thus, with
a box of prepared hypodermic needles and a few dozen bottles in

the pocket, one man can in a short time take samples of blood from
animals in widely separated localities.

(3) Blood so taken can be kept for some hours in the laboratory

(up to 36 hours in an ice-chest), and the examination done at leisure.

(4) The quantity of blood so taken is fairly large, which will

permit of several different examinations or re-examinations being
made of the same sample of blood. Moreover, the large quantity is

likely to give a much more accurate average than minute quantities,

such as are taken by ordinary mixing pipettes.

(5) The chances of any serious error in dilution passing un-
observed and uncorrected are very small, and can be due to gross'

negligence only. An actual example will illustrate this clearly. A
certain bottle has a capacity of 7.8 c.c. up to the mark (m), and its

neck has a diameter of 0.5 cm. The area of cross section of the neck
(7r r!

) is approximately 0.2 square cm. Now an error of 1 mm. in the

level of the mixture would and should easily be detected and cor-

rected for. But even admitting that such an error passes unnoticed,
the absolute error involved is .2 x .1 c.c. = .02 c.c. This gives a

, „ .02 x 100 per cent.
, . 0 ,

relative error of =
4 Per cent- approx, buch an

error is insignificant in view of the probable errors which may crop
up in the subsequent operations, and may thus be left entirely out
of consideration.

Any correction that may be necessary can easily be made as
follows:—According as the level of the mixture is below or above
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the mark (m), saline is added to, or mixture withdrawn from the,

bottle by means of a capillary pipette, and from the volume so

obtained the necessary correction is made.
To avoid calculation it may be necessary to calibrate the neck

so that the dilution can be directly read off. Experience has shown,

however, that with a little care corrections are very rarely necessary.

In the larger animals there is no reason whatever why a second'

bottle should not be used, if with the first some mistake has occurred.

(6) The above-mentioned advantages bring in their wake a

further advantage : that the blood can be taken by any assistant who
exercises ordinary care, even though he may not appreciate the

absolute necessity for accuracy. Any error which the assistant may
make is at once detected, and the necessary correction in the further

operations can be made.
Blood collected as above should be kept in an ice-chest if it

cannot be used soon. Where a large number of samples have to be

examined, it is always best to store some in an ice-chest until needed;
but it is advisable that the examination should take place as soon as

possible. Such blood is suitable for several observations, and in the

following- studies was used for determining (a) the haemoglobin
content, (b) the per cent, volume of red cells in the blood, (c) the

number of corpuscles,
(
d ) miscellaneous other data that will be

mentioned later on.

The bottle containing the citrated blood is vigorously shaken
immediately before removing a sample of the blood for examination.
After the necessary volume of blood has been removed, the cork

should be replaced at once.

The haemoglobin content was always determined by Sahli’s

haemoglobinometer. The apparatus is so well known, and its

advantages and defects so obvious, as to merit no discussion. It may
just be mentioned that where citrated blood is used, the necessary

correction should be made for the dilution. Later on, actual deter-

minations will be given to show that the results obtained by citrated

or whole blood are, for practical purposes, identical, if allowance be
made for the crudeness of the whole method.

The volume per cent, of red blood corpuscles in the blood can be
most easily determined by the use of a centrifuge. An electric cen-

trifuge with a high speed is the best to use, but a good water turbine
centrifuge, provided it runs speedily enough, is also suitable. Later,

actual determinations will be mentioned to show how the speed of the

centrifuge influences the results.

Centrifuge tubes suitable for this determination can be made
with ease in any laboratory. It is immaterial what the tubes are

like provided they are uniform, but it is a decided advantage to have
tubes that will give a direct reading. Tubes giving a direct reading
are here made in the following manner. A piece of uniform glass

tubing of suitable bore is selected, and cut into lengths more than
double what is needed. Each piece is then divided into two centrally,

in a hot flame, and the ends sealed off and slightly blown out in the
usual way. The tubes are then cut into suitable lengths and weighed,
so as to get pairs of equal weight. The open ends are rounded off

in the flame, and the tubes are ready for calibration. It may be/
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mentioned that tubes with a capacity of 1 to 2 c.c. were found
suitable—they bold a considerable quantity of blood and yet not too

much. Conical tubes should be avoided, as sedimentation in them is

slow and irregular.

The calibration of the tube is done in the usual way. Two marks
are made on the tube at the levels of two known and suitable volumes
of fluid introduced by means of a capillary pipette, and the tube is

then calibrated on a basis of 111.11.
Here is an actual example. A certain set of tubes held approximately

2 c.c each, and were 8 cm. long. First half a c.c. of a coloured fluid was
introduced into each tube, and the level (L ,) of the meniscus was marked.
Then a further 1 c.c. of the fluid was introduced, and the level (L„) of the
meniscus marked. In one tube it was found that L, came approximately
2 cm. from the bottom, and L. approximately 6 cm. from the bottom

;
L

2

was therefore selected as a convenient position for division 99, when L, would
represent division 33. By means of a vernier, the distance between L, and
L, was found to be 3.98 cm. On the scale selected then each division is

3 98
represented by a tube length of

oo

Division 111. 11 was thus -

12,11
-
* 3 -9

.§ cm. above L 2 ,
and was carefully

Go
marked. In a similar way the rest of the divisions were marked.

In actual practice it is only necessary to have the divisions from
10 to 55 marked in addition to divisions 111.11 and 100. When
several tubes have been marked in this way, they are carefully

checked one against the other.

The tubes may also be calibrated by successively introducing
several small known volumes of fluid—but this is very laborious, and
provided the tube is fairly uniform is no more accurate than the
first method.

The citrated blood is now introduced into the centrifuge tube
bv means of a suitable pipette, up to the division 111.11. This
citrated blood contains 90 per cent, of whole blood, and thus the*

whole blood would occupy 100 divisions of the tube. Thus after

centrifuging, the division at which the red corpuscles stand gives
the exact percentage volume of these in the whole blood. Two tubes
should always be used for the same sample of blood, and if the results

do not agree closely, the centrifuging should be repeated.
The volume per cent, of the red cells can also be found by sedi-

mentation. This, however, is a slow and unsatisfactory method, and
in all probability not sufficiently accurate to give any reliable

information.
The principle involved in finding the volume of the red cor-

Xmscles by means of the centrifuge is the same as that in the hae-
matocrit. All the supposed objections and drawbacks of the hae-
matocrit therefore apply to the method described above. Still, when
one bears in mind that in the centrifuge large volumes of blood are
dealt with, one must conclude that the results obtained with the
centrifuge will be more accurate than those obtained by the haema-
tocrit. The value of the results obtained by the centrifuge will be
discussed later, when the actual results are considered.

In using the centrifuge, it is necessary to determine the length
of time required for complete precipitation. This time will vary
according to the length of the arms of the centrifuge and the rate

at which it runs. When the minimum time has been determined, it

is advisable to allow for a margin of safety, so as to ensure complete
deposition under all circumstances.
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Blood Counts .-—The corpuscles are far too numerous in the blood

to permit of a direct count being made. It is thus necessary to dilute

suitably before actually proceeding to do the count.

Diluting fluids advised by various authors were used and found
satisfactory. For counting the red cells Hayen’s fluid was finally

adopted as the standard, and for the white cells a .3-. 5 per cent, acetic

acid solution to which had been added a small quantity of methyl
green. Experience has shown that a mixture made with these fluids

remains suitable for counting for many hours, especially if kept in

the ice-chest. The actual fluid used however, is of' no importance,
provided the corpuscles to be counted are not destroyed or agglutin-
ated by it.

The actual dilution was sometimes made in the special pipettes

mentioned before, but only in cases where it was impossible or in-

advisable to take a large quantity of blood. In all such instances

the dilution was made at the place of bleeding, in the manner des-

cribed in text-books. The disadvantages of these pipettes have
already been mentioned, and owing to these they were used as little

as possible. Dilution for counting purposes was thus made as far

as possible from the citrated blood collected in the small bottles,

that is, in all cases where blood was taken from the jugular vein.

For the count of the erythrocytes the most convenient dilution

was found to be 1 in 200. Using the citrated blood, the dilution is

made as follows. Bottles or flasks of a capacity of 250 c.c. are used.

By means of a burette run 179 c.c. of Hayem’s fluid into the bottle

or flask. By means of a 1 c.c. pipette graduated in lOths and lOOths,

add 1 c.c. of the citrated blood to the fluid in the bottle or flask,

taking the necessary steps to remove all the blood from the end of

the pipette, and to wash the pipette clean in mixing. Now 1 c.c. of

citrated blood contains 0.9 c.c. whole blood. The dilution is thus 0.9

in 180 or 1 in 200. Half the above-mentioned quantities can be
used where desired.

For the count of the leucocytes a dilution of 1 in 10 was found
suitable. Small bottles, similar to those used for collecting the blood
are suitable for use here. In this instance the volume of citrated

blood and diluting fluid taken are respectively \ and 4 c.c. or 1 and
8 c.c. The bottles should be kept corked in this case, as evaporation
may play an important part in changing the dilution in so small a

volume of fluid, especially during the summer.
The advantages of making the dilutions as described are briefly

the following :
—

(1) The dilution is made at leisure in the laboratory, which
ensures greater accuracy and does away with the need of carrying a
lot of material to the bleeding place.

(2) No special apparatus is required, as bottles and pipettes are
usually present in every laboratory. Besides, these bottles and large
pipettes do not break so readily, and are easily cleaned and handled.

(3) The amount of blood used is large, so that with reasonable
care the relative error will be so small as to be quite negligible.

The actual count is made in the counting chamber selected. The
counting chamber here used is that devised by Burker, either with
the original Burker rulings, or ruled according to Turk. This
counter is not so well known, and a short description is given.

The apparatus consists' of a thick plate of plane glass (G) on which are
mounted a central plate (C) and two lateral supports (L). The central plate



492

stretches at right angles across the long axis of G, and has a central broad
groove at right angles to itself. The lateral supports (L) are somewhat shorter

than C, and run parallel to C, the space between C and L being about 2 mm.
C and L are ground plane, the upper sufaces being parallel to the upper
surface of G. The thickness of C is made exactly 1

/ 10 mm. less than that of

L. The plate C carries the rulings, these being placed on either side of the
transverse groove in C. A plane cover slip (S) is supported and held in position

on L by suitable spring clasps. The space between C and S is exactly 1

/ 10
mm.

The size of S is such that the plate C extends on either side somewhat beyond
the edge of S. (See Fig. 1.)

The rulings on C are given in Fig. 2, A being the original rulings according
to Biirker, and B being the rulings according to Turk. The dimensions are
inserted, so no further explanation is needed.

It will be seen from Fig. 2 that the whole ruled portion is 3 mm. square

—

very much larger than the original Thoma-Zeiss counter. Fig. 2 C gives a
portion of the ruled field much magnified.

The apparatus should be rendered absolutely free from greasiness, if

necessary by the use of ether. Only very soft cloth should be used, so as to

avoid as far as possible any scratches appearing on G. S is placed in position,
and the clasps adjusted. One should here be particularly careful to exclude
particles of dust between C and L, and this is the case only when the rainbow
colours (Newton’s rings) appear. When these rainbow colours are observed, the
apparatus is ready for use.

,6

Ezzomuizzi
G

The flask or bottle containing the diluted blood is thoroughly
shaken, and a small amount of the fluid placed on the central stage

in such a way that it is drawn in between the two surfaces by capil-

lary action. A platinum loop is frequently used for this purpose,

but an ordinary pipette drawn from glass tubing was found more
convenient. The capillary tube is cut at such a point where the

thickness is approximately £ mm. The bottle containing the diluted

blood is thoroughly shaken, and a small amount of the fluid is drawn
into the pipette. The pipette is now held with its point in contact

with the fluid at an angle of 30° to the horizontal, so as to allow the

surplus to flow out. The pipette is now removed and its capillary

end placed on the central plate of the counter, against the cover-slip,

at an angle of 45°, when the fluid readily flows in between the two
surfaces. Care should be taken that the fluid runs in uniformly;
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where this does not happen the distribution of corpuscles is usually

uneven, and such a preparation is not suitable for the count. Before

actually proceeding to the count, it is necessary to ascertain if the

distribution of corpuscles is fairly uniform, and if this is not the

case the preparation should be rejected.

The actual count is made with a suitable magnification and according to

a definite plan. It is the practice here to do the count in the following way,
illustrated in Fig. 2 C: All the corpuscles touching one side of the square or

rectangle are counted, and all those touching the opposite side are rejected. Of
course, all those within the square or rectangle are counted. Thus, in

Fig. 2 C, corpuscles 1, 2, 3, and 4 may be counted, and 5, 6, 7, and 8 rejected,

or the reverse. This is done whether the red or white count is made, or whether
the small squares or rectangles are used.

CL'

\

1

| l

1

4
1-

C

h

1—
(-

4 i-

d e

4
—

h

f

Ir

Fig. 2a.

For the white corpuscular count the large squares are most convenient. In

this count it is advisable to use the whole chamber, or at any rate not less than
half the chamber. It is the practice here to write down the number of cells in

each column of squares, because the information so obtained gives an indication
of the distribution of the' cells. If the numbers obtained do not agree within
reasonable limits, a fresh preparation should be made for another count.- At
first the inner squares a.b.c.d., Fig. 2 C, were used ('/ 2

5

sq. mm.), but later the
larger squares a/.b'.c.d'. were used (*/ l6 sq. mm.). The latter way of counting
should give more accurate results.

For the red corpuscular count it is customary to use the small squares.
It was found most convenient here to use not only the small square, but also

the adjacent rectangle, as, for instance, the small squares P and the adjacent
rectangle Q, Fig. 2 C. The rectangle C has the same area as four small squares,
and the number of cells counted will thus be those in five small squares. The
numbers obtained for each square and adjacent rectangle are written down,
the information so gained again serving to show if the distribution of corpuscles
is regular. Here, as in the white count, the count is only accepted if the cells

are fairly regularly distributed in the preparation.
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The number ot squares used tor the red count should be as large as possible,

within reason. It is certainly out of the question to count the cells in all the
squares and rectangles. In the present work the count was always made in

both chambers in one or both of two ways, (a) all the zigzag path a.b.c.d.e.f.g.,

Fig. 2 A, was used, or (b) the two rectangular paths a.b. and c.d., Fig. 2 B
were used. In either case there are twenty-four numbers counted in each
chamber, each being the number of corpuscles in five small squares. The 48
numbers obtained give a good idea of the distribution of the corpuscles, and
the 240 small squares used in practice should guarantee reasonable accuracy.
Furthermore, the count is made from one extreme of the chamber to the other,

and is only accepted if the individual sets of figures agree fairly closely.

The degree of accuracy of the figures obtained will be discussed when the
actual figures are considered. It may here be mentioned that the apparatus
devised by Biirker, whatever the actual rulings may be, has certain advantages
over the Thoma-Zeiss chamber, besides giving a larger area for counting. The
apparatus is very easy to clean and easy to use. The one great disadvantage
is that in dry climates evaporation of the fluid takes place rapidly, and unless
the count is performed quickly it may be necessary to make a fresh preparation.

Staining .—Various stains were tried, as advised in different text-

books, and by individual workers. The stain that gave the best and
the most uniform results is the Giemsa stain, especially when used
in conjunction with May-Grunwald stain, as advised by Pappenheim.
This method of staining is as follows:—

(1) Cover the unfixed smear with 15-20 drops of May-Grunwald
stain, and leave this to fix and stain the smear for three minutes.

(2) Add 15-20 drops of distilled water to the stain on the smear,
and leave for 1 to 3 minutes.

(3) Pun off the fluid on the smear, and cover with Giemsa stain

(1^ drop per c.c. distilled water). Allow this to remain on the
smear for 10-20 minutes, or longer.

(4) Wash the smear in tap-water, and dry.
This method of staining gives excellent results. Owing to rapid

evaporation in hot dry climates, it is advisable to do the first part of
the staining in a petri-dish, or else a precipitate may be thrown
down on the smear. This precipitation can also be prevented by
slightly diluting the May-Grunwald stain with methyl-alcohol, e.g.

May-Grunwald stain 4 parts.

Methyl-alcohol 1 part.

Section II.

THE ERYTHROCYTES OR RED BLOOD CORPUSCLES
OF EQUINES.

Pre 1iminary Observatio ns.

In the present work only a few properties of the erythrocytes
were studied, not because they are necessarily more important, but
because they are of more immediate interest. Thus questions
relating to the colour of the corpuscles from various sources, their
specific gravity and so on, were not inquired into at all.

It may be noted in passing that in the blood of equines the red
corpuscles possess the power of forming rouleaux to a very high
degree. In smears that are made fairly thick, and not dried instan-
taneously, the red cells invariably arrange themselves into long
chains in which each partly overlaps the one before it; in fact, it

may be extremely difficult to find isolated red cells in such smears.
This tendency to form rouleaux is a decided handicap in the examina-
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tion of smears, especially those smears sent in from the country

;

such smears are usually thick, and in consequence the chain forma-
tion is extreme.

The formation of rouleaux or agglutination of the red cells occurs
even when equine blood is considerably diluted with saline, as for

instance, when blood-counts are made with saline as a diluting fluid.

In some preparations with saline practically all the corpuscles in the
counting chamber may be arranged in chains or clumps. It was very
interesting to note that with Hayem’s solution as a diluting fluid,

chain formation or agglutination is much reduced, and it was this

observation which finally led to the adoption of this fluid in routine
work.

Peptonized saline (1 per cent, peptone, 0.5 per cent. NaCl) has
been used recently and gave satisfactory results. This fluid

enormously decreases agglutination, but does not entirely do away
with it. The fluid is superior to Hayem’s fluid in that it prevents
agglutination to a greater extent, but a decided drawback is that the
corpuscles settle very slowly in the counting chamber. This makes
counting difficult, for, if time is allowed for settlement, evaporation
is marked.

Shape of Bed Corpuscles.

In smears and thin moist preparations the red cells of equines
are seen as round flat bodies whose outlines approximate very closely

to a circle. In such preparations the corpuscles all lie flat, and are

seen along one axis only and in consequence one is not able to come
to a correct conclusion as to their true shape in the animal body.
To find out the true shape one should be able to view the undisturbed
corpuscles from all sides, and this can be done without much trouble

in moist preparations. The whole blood is not very suitable for this

purpose, as the corpuscles are too thickly crowded together, and
dilution, preferably with plasma is desirable. A small amount of

plasma is obtained by centrifuging citrated blood (collected as des-

cribed above) and to this is added a suitable quantity of whole blood.

This mixture is then stood in the incubator for some time, and used
for making the preparation. Hanging drop preparations made as in

bacteriological studies, were found very suitable for studying the

shapes of the red corpuscles. The preparation is placed on a hot

stage kept at 37° C., and is then ready for examination. In such
a preparation the corpuscles are bathed in plasma, and kept at

approximately body temperature, and should therefore retain their

natural shape.

When the preparation is examined it is seen that many cor-

puscles hang, as it were, suspended from the cover-slip—and the

corpuscles are thus seen along different axes. By the examination
of a sufficient number of corpuscles one can readily conclude what
the shapes are.

In such preparations the equine red corpuscles have a variety

of shapes. Some of the red corpuscles are bi-concave circular discs,

and a considerable number appear to be bell shaped. But the vast

majority of the red corpuscles appear as concavo-convex discs, with
the edges thicker than the centre, reminding one of a football cover,

or the shell of a punctured tennis ball, that has been pressed com-
pletely into itself from one side. This latter shape appears to be the

usual for equine corpuscles.
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Measurements .

Owing to the small size of the corpuscles, it is impossible to take

measurements with any marked degree of accuracy by ordinary
methods. Dr. Pyper, in a very interesting jjaper, described a method
of determining the average diameter of some thousands of red cor-

puscles, by taking one single reading only. This method was tried

on several occasions, but for some reason or other never gave satis-

factory results. If the method described could be simplified, it

would be of very great help in blood work, and would enable

observers to give measurements with a greater degree of confidence

than at present.

The measurements in the present work were all made with (a) an
ocular micrometer that had been very carefully calibrated, and

( b ) a

camera lucida, or eyepiece projector. Neither of these twro methods
lends itself to a very great degree of accuracy, and they are both 1

extremely laborious. Of the two it is thought that the latter is the

more accurate, and wherever possible this was employed. In such
measurements the personal element is an important factor, as different

observers may not agree about the readings. Even the same observer
may give different readings at different times, and especially can this

be observed when the readings are taken with different degrees of

illumination. It is for these reasons that it was thought unnecessary
to spend too much time over measurements, as the measurements at

best can be approximate only.

The measurements w’ere generally made in dried stained smears,
and in fresh moist preparations; those obtained from the moist
preparations are probably the more correct, as the cells measured
exist practically in their natural state. In smears, however, the cells

are more or less stretched out, and the measurements are in con-
sequence larger than those obtained in moist preparations. This
stretching can be observed in a smear itself, and is marked in badly
prepared smears, in which a certain diameter may be found at the
beginning, and an appreciably larger diameter at the end of the
smear.

Whatever the preparation used (stained smear or moist prepara-
tion), it was aimed at to get the measurements of the largest, the
smallest, and the average corpuscles. To this end 200 corpuscles were
measured in succession, rejecting only those which were deformed
(unconsciously of course there is a certain amount of selection, which
cannot be overcome until the personal element is ruled out), and the
individual results so obtained were written down. From these results

the largest, smallest, and average measurements can be obtained.
It may be objected that the number of measurements taken is too
small, and this is conceded, if any great degree of accuracy were
claimed. But seeing that the individual measurements are subject
to considerable errors, 200 observations seem exacting enough.

From a practical point of view the figures are of importance, as
they allow of some sort of comparison being made, for instance, with
measurements obtained for diseased blood. As to the two sets of
figures, those from smears are very much more useful in practice,
especially owing to the following reasons:—

(1) Blood smears can always be made, whereas moist prepara-
tions are only possible under certain favourable circumstances.

26
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(2) In smears the cells axe more or less stretched out, and in

consequence the measurements give an indication not only of the

actual size of the cells, but also of their physical state.

These considerations led to the measurements in moist prepara-
tions being discontinued—the figures were not accurate enough to

be of real value—and not so useful as those obtained from smears
for purposes of comparison, whereas the technique is difficult. Again,
owing to the lack of accuracy in the measurements, not very many
measurements were made in smears, only sufficient being taken to

allow of some comparison being made later on.

From the figures recorded (Table I) it will be seen that the dia-

meter of the equine red corpuscle may vary very much in smears,

some cells having a diameter as small as 4
(

u, whereas others may have
a diameter as large as 8y. This difference between the extremes is

not a constant factor, but may vary from time to time.

It will be noticed, however, that the average remains fairly

constant, in spite of the variation of the extremes. The reason for

this is that the great majority of the cells are of one approximate
size, and hence the average diameter is not much influenced by varia-

tions of the extremes. It is also seen that the average corpuscle of

different horses has approximately the same size. The average dia-

meter in most cases is nearer to that of the smallest corpuscles than
to that of the largest corpuscles, because the number of very large

corpuscles is as a rule quite small. The average diameter obtained
for the red corpuscles of the horse is approximately 5.5/*, the figure

given by some authors.

The Percentage Volume of Red Corpuscles.

Throughout the series of observations the percentage volume of

red corpuscles was obtained by the centrifuge, as described under
technique. The advantages of using the centrifuge in preference to

the haematocrit are so obvious that they need not be mentioned.

At the outset observations were undertaken to ascertain in how
far the centrifuge readings could be relied upon. For this purpose
a large quantity of blood was drawn, and citrated. This citrated'

blood was then centrifuged at definite intervals, until there was
evidence of haemolysis. It was found that with half an hour’s cen-

trifuging at high speed, the same reading was obtained as late as

36 hours after the blood was drawn—the percentage readings actually
obtained differing in their extremes by only 1. As soon as any sign
of haemolysis appears, however, the percentage of deposited red
matter decreases. From the repeated tests we did in this way, we
feel convinced that, given the same centrifuge, the same sample of

blood, the same percentage reading will always be obtained when the
centrifuge runs at a definite speed for a definite time. There appears
to be no reason why this should not be so, and any appreciable dif-

ference in the percentages obtained can be due only to factors other
than those connected with the centrifuge.

It appeared desirable to inquire into the effect of speed upon the
centrifuge readings. Experiments were carried out as follows:—
Citrated blood was run into each of four centrifuge tubes prepared
as described, up to the point 111.11. These were centrifuged, and
the readings taken everv five minutes until thev remained constant.
The experiments were done with the same sample of citrated blood,
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the centrifuge being run at low, medium, and high speeds. The
results in two typical cases are recorded :

—
Readin, after

—

5 min. 10 min. 15 min. 20 min. 25 min. 30 min.

Low speed (250) 37 34 33 33 33 33
Medium speed 35 33 33 33 33 33
High speed (3000) 35 33 33 33 — —

Low speed 41-5 38 37 36 36 36
Medium speed 40-5 37-5 36 36 36 —
High speed 38- 5 36 36 36

Many similar tests were made, and the results in all cases were
very similar to those given above. The same experiments were
repeated by using a water centrifuge—the intervals of taking the
readings being lengthened to ten minutes. With this water centrifuge
the maximum speed that could be obtained was about 900 revolutions

per minute—whereas any slow speed could easily be obtained. The
readings here were taken with the centrifuge running at about 250
revolutions per minute, and at its maximum speed. The following
are typical figures:—

Reading after

—

10 min. 20 min. 30 min. 40 min. 50 min. 60 min. 120 min.

Slow speed 45 41 38 35-5 34 34 34
Maximum speed.. . 42 37 34-5 34 34 34

There was no opportunity of testing this water running cen-

trifuge against the electric centrifuge—but it seems extremely un-
likely that the final results could differ to any appreciable degree.

One would expect the speed of the centrifuge to be an important
factor only if (1) the time the centrifuge is run is not long enough
to allow for the closest possible packing of the red corpuscles under
the current circumstances

; (2) the corpuscular matter is not packed
as closely as possible for all moderate speeds of the centrifuge.

(1) From the repeated observations made, of which typical

examples are quoted above, it may be stated with confidence that the
time allowed throughout this work was ample for the complete and
closest packing of the red corpuscles under the current circumstances.
In some instances the electric centrifuge was allowed to run at high
speed for an extra three hours, after the constant reading was
obtained with the low speed by the five minute interruption, and yet
the reading was not altered.

(2) This factor is not entirely negatived by the experiments
quoted above—but the results of these experiments point very clearly
to one of two facts; (a) the resistance of the corpuscles to deformation
may be so great that the centrifuge is not able to overcome this even
partially at the high speed. Apart entirely from the numerous
observations to the contrary, this view must be discarded, as circula-

tion of the blood would be impossible if the red corpuscles possessed
any great resistance to deformation; (b) the flexibility of the red
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corpuscles is so great that only a very small force is needed to deform
them. This is the only acceptable explanation of the results obtained
by the centrifuge.

It is not contended that very high speeds may not result in a

closer packing of the red corpuscles—or that very low centrifuge
speeds will give rise to the same degree of packing as very high
speeds. But the results point to this fact, that within certain limits

of speed, the volume of the red corpuscles is in no way influenced

by the speed.

The following general conclusions are arrived at :
—

(1) The readings obtained by the centrifuge are reliable and in

no wray dependent upon the speed of the centrifuge for all moderate
speeds.

(2) Until haemolysis sets in the readings for the same sample
of blood remain constant, if the blood is kept in a stoppered bottle

and in cold storage.

(3) The red corpuscles, though perhaps perfectly elastic, possess

only a slight degree of resistance to deformation—so slight in fact

that the centrifugal force of a centrifuge whose arm is 12 cm.,
running at a speed of not less than 4 revolutions per second, can
completely overcome this.

The per cent, volume of the red corpuscles as obtained by the
centrifuge depends to some extent upon the osmotic pressure of the
fluid, and in order to ascertain the influence of this upon the cen-

trifuge readings, experiments were carried out as follows:—A large

quantity of citrated blood was centrifuged, and plasma was then
pipetted off till the volume of the red corpuscles, and remaining
plasma was about 3 / 5th of the volume of citrated blood. The red
cells and remaining plasma were then thoroughly mixed by shaking,
and of this mixture 1 c.c. was carefully measured by means of a 1 c.c.

capillary pipette, into each of a series of small bottles marked p, 0.5,

0.6, 0.7, 0.8, 0.9, 1.0, 1.1, and 1.2. To the bottle p was added
1 c.c. of the plasma previously pipetted off, to the bottle 0.5, 1 c.c.

of a 0.5 per cent. NaCl solution, to the bottle 0.6, 1 c.c. of a 0.6
per cent. NaCl solution, etc. These bottles were then shaken up
and allowed to stand for some time in an incubator (10 minutes was
the usual time allowed). Now in each bottle we have the same
volume of red corpuscles at the osmotic pressure of the citrated

plasma. If we now centrifuge the contents of the bottles in turn,

that of p will give the correct volume, say V, of corpuscles added,
and the other figures will indicate how “ Y ” had been influenced

under the conditions of the experiment. In the following table a
list of one set of readings is given.

1 c.c. Concentrated blood,

plus

1 c.c. Plasma.
1 c.c. 0.5 per cent. Saline.

1 c.c. 0.6 ,, ,,

1 c.c. 0.7 ,, ,,

1 c.c. 0.8 ,, ,,

1 c.c. 0.9 ,, ,,

1 c.c. 1 ,, ,,

1 c.c. 1.1 ,, ,,

1 c.c. 1.2

Centrifuge reading.

32 per cent.

38 „
37
35
33
32
31 „
29 „
29
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From the above results it appears that the isotonic solution con-

tains 0.9 per cent. NaCl. The O.P. of the fluid in the bottle 0.5 is

approximately that of — — per cent, saline, i.e. of 0.G9 per cent.

saline. The O.P. has thus been changed by approximately 23 per

cent., and the volume by approximately 19 per cent. The above
figures are probably not very correct, but show that the per cent,

volume change of the corpuscles is less than the percentage change
in O.P. of the plasma.

Bayliss in his Principles of General Physiology, 1915, page 165,

mentions that the A for the blood of the higher vertebrates tends to

become fixed at about 0.6° C.
;
he also speaks of the “ power of

osmotic regulation,” and “
the regulation of the osmotic pressure

of the blood to a constant value.” It was impossible to find any
actual figures showing what the A for the blood of the horse is, but
in view of the above statements it is thought unlikely that the O.P.
of horse blood can vary much between individuals or in the same
individual from time to time.

If this is accepted then it must equally be accepted that the

volume of the red cells cannot be influenced to any marked extent

owing to changes in the O.P. of the blood. Even if we assume a

variation in O.P. of 5 per cent., then the volume change of the red

cells would be less than 5 per cent., and the centrifuge reading would
show hardly any change at all (see below).

The final conclusion arrived at is that the volume change of the
red corpuscles, due to changes of O.P. of the plasma, are so slight

that they cannot seriously influence the value of the information to

be gained by the centrifuge in the case of healthy animals.
There is just one further consideration that merits some discus-

sion. Even if there is an actual temporary change in O.P. (due to

loss of water during exercise, for instance, or to a drink after thirst),

this change will influence the volume change in such a way that the
percentage volume of the corpuscles is not much changed. Thus a

10 per cent, dilution of the plasma will result in an increased volume
of the cells, say of 8 per cent., and hence the centrifuge readings
will change only slightly, as the following figures indicate. As-
stuning the above changes, and an original percentage volume of

corpuscles of 30, 10 per cent, dilution of plasma causes a total increase
of blood volume from 100 to 107, and an increase in volume of blood
corpuscles from 30 to 32.4. The percentage volume of the corpuscles

32 • 4
would now be = 30-3, i.e. increased by about 1 per cent. If

counts were made, the decrease would be about 7 per cent.

This consideration makes the centrifuge readings even more
valuable for certain purposes, and adds one more reason why the
centrifuge should be used in preference to the counting chamber,
where both cannot be used. Such factors as the effect of food or
water upon the blood cannot be accurately controlled, and hence
changes due to these factors will not be reflected in the centrifuge
readings. At the same time it must be borne in mind that the very
fact which is favourable for some observations, may mask the
changes due to other factors. Thus, in the case quoted above, a 10
per cent, dilution of the plasma is certainly not reflected by a 0.3
change in the percentage volume of the red corpuscles.
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Colour.

The colour throughout was obtained by Sahli’s haemometer.
Very early in the work it was noticed that variations occurred

—

variations which it would be difficult to account for except on the
score of faulty technique. It was thought possible that errors may
be due to (

1
) the presence of sodium citrate,

(
2)

other causes.

(1) According to the opinion of a few colleagues (chemists) it

appeared that the colour of the solution could in no way be influenced

by the very small amount of citrate of soda present. This was amply
shown by practical results obtained by finding the colour of the
whole and the citrated blood. It will be remembered that the c-itrated

blood is 10 per cent, diluted, and when this correction is made, the
figures obtained approximate very closely to those obtained for the
whole blood. In doing these parallel tests, particular care was taken
to reduce the likely errors from faulty measurements, etc., to a

minimum. Thus the measurements of volumes were done with the
utmost care, and very great pains were taken to match the colours

correctly. Moreover, the colour was determined repeatedly in each
case, and the average taken. With these precautions it was found
that the corrected colour of the citrated blood agreed very closely

with that of the whole blood. It is unnecessary to give a large

number of figures here, but the following are the actual readings in

one case :
—

Whole blood ... 64 60 59 63 Average 61.5

Citrated blood ... 54 57 58 57 „
'

56.5

Corrected ... 59 63 64 63 ,, 62.2
It will be seen from these figures that the same sample of blood

gives different results in spite of the utmost care.

(2) The few figures quoted above indicate that with the Sahli
haemometer one is likely to get different readings for the same
sample of blood. In spite of a very large number of observations,

the true reason for such results was not understood till Meulengraelit’s
work came to hand. From this work it appears that the Sahli haemo-
meter, apart entirely from its other defects, is an instrument whose
readings cannot be trusted owing to the rapid darkening in the colour

of the acid haematin. From the large number of observations made
here it may be stated that the figures appearing in the tables for the
Sahli reading cannot be relied upon to a degree of accuracy greater

than 5 scale units.

Counting the Red Cells.

The great majority of the counts registered in the tables were
made from the citrated blood collected under the precautions des-

cribed in the technique. Besides the advantages alreadv mentioned,
it allowed of a comparison being made with the centrifuge readings,

and of counts of the same mixture being made repeatedly.

The first step was to ascertain by repeated counts of the same
mixture, how far the figures obtained in any count could be relied

upon. Thus, after dilution of 1 in 200, preparations for counting
were made at regular intervals, and the counts obtained. In spite

of the utmost care in making the preparations, the results could not
be made to agree very closely. The actual figures obtained in certain

counts for horse blood are given below. Each figure represents the
number of red cells counted over a small square ( 4^,1 square mm.),
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and the adjacent rectangle ( 4f7 ) ;
that is, over an area of

square mm.
1st preparation 57, 57, 60, 53, 67, 54, 60, 62, 60, 61, 64, 58.

Total 713.

66, 67, 63, 60, 60, 67, 66, 62, 61, 60, 60, 60.

Total 752.

2nd preparation 53, 56, 58, 50, 59, 56, 53, 61, 59, 60, 53, 62.

Total 680.

54, 59, 62, 52, 53, 58, 50, 56, 53, 61, 54, 58.

Total 670.

The number of red cells, calculated for the two counts are thus :
—

9.77 and 9.00 x 10 6 per c. mm.
These two sets of figures are typical of what can be expected

when repeated counts are made of the same dilution of horse blood.

The totals of the columns in each count agree very well in the

particular examples given, but that is by no means always the case.

When we look at the individual sets of figures in each column, we see

,, , ,, ,-tt , , (53 and 67 in the first column )that they diner by as much as , ,r j i \•r (bO and 67 in the second column)
of the first count, and by as much as (50 and 62) in each column of

the second count. These figures give some idea of the impossibility

of getting a very even distribution of the corpuscles of horse blood
in the counting chamber, and the question is how^ far can one rely

upon the totals so obtained? It is impossible to answer this question

with certainty, for even if the whole of the ruled area is used for

making the count, only a small fraction of the preparation is counted.
But, to use the whole of the counting chamber for this count is

absolutely out of the question on account of the time that would be
required. However, in several cases four sets of two columns were
counted in the same preparation (when this is done with the Btirker

counting chamber it is necessary to seal the open ends to prevent*

evaporation). The individual sets of figures showed differences very
similar to those above, and the calculations made by taking the totals

from each column differed in some instances to a greater degree than
the figures quoted above. The following totals were calculated in

one such case, regarded as typical for horse blood.

(6.99) (6.71) (7.31) (8.36)
)

(6.70) (7.34) (8.01) (7.66) x 10b

Avg. 6.84. 7.02. 7.66. 8.01. >

Average of four sets 7.38 x 10 6
.

Maximum difference between the four sets = 1.17 x 10 fi

.

Maximum difference between any one set and the average of the

four sets
(

~
}
x 10b

The extremes in the individual sets may thus differ by as much
as about 20 per cent.—whereas the extremes may differ from the
average by as much as about 10 per cent. If we assume that this

average is the correct figure, then any individual count may give
a result as much as 10 per cent, over or below the correct figure

—

and that is the only degree of correctness claimed for the figures

appearing in the tables here given.

In theory the counting chamber should give fairly reliable

results. How then can the great differences between the figures be
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accounted for ? There are two possible explanations : (1) It is im-
possible to get an absolutely uniform suspension of red corpuscles

in horse blood. In this respect it may be mentioned that dilutions

of equine red corpuscles with Hayem’s solution never appear quite

uniform, even after prolonged agitation. If a dilution of red cor-

puscles with Hayem’s fluid is thoroughly shaken, it will be seen that
the mixture appears striped or mottled—some portions appearing
considerably darker than others. This effect is best seen after the
mixture has been standing for about half an hour, and has been
observed time and again. This may be an optical effect—but it is

more likely that it is due to unequal concentration of the red cells in

the suspension—the interpretation that fits in best with the observa-
tions made in counting.

(2) The rulings in the counting chamber retard some corpuscles

during the spreading of the fluid in the chamber. There is no doubt
whatever that this is a factor in the production of unequal distribu-

tion of the red cells in any preparation, for during the course of the
present study a great many preparations had to be discarded because
the red corpuscles were found to be aggregated along the ruled lines.

Whatever the reasons may be, we are quite satisfied that with
equine blood it is impossible to rely upon the figures obtained to any
great degree. As was explained above it is quite impossible to use
the whole of the counting chamber for doing any count, and we have
therefore to rely upon the figures obtained by counting over selected

parts of the chamber only. It is believed that many of the counts
are fairly correct, but it is equally believed that some of the counts
may be as much as 10 per cent. out. For this reason most of the

counts were recorded to the nearest hundred thousand only.

Some few observations were next made to determine how long
the citrated blood, or the mixture with Hayem’s fluid, would remain
suitable for counting purposes. Without going into details it may
be stated that the citrated blood remains good for counting purposes
until haemolysis takes place—and this may not be for days if the
blood is kept in an ice-chest. The mixture with Hayem’s fluid also

remains suitable for about 24 hours. The following sets of figures

are typical of the results obtained in many instances. Blood was
drawn and citrated at 9 a.m. A dilution “ D ” was then made with
Hayem’s fluid, and this was used for counting purposes at the times
stated below. The citrated blood was kept, and from it fresh dilu-

tions were made and used for counting, at the stated times.

Dilution “ D.”

Time.

0.30 a.m.
2 p.m. . .

.

4 p.m. .

.

Jled Corpuscular
Count in 106

.

6-53

6-

31

7-

02

9 a.m.
12 noon next day \..../....

6-32
5-8

Fresh Dilutions made from
Citrated Blood.

Red Corpuscular
Count in 1C 6

.

10 a.m 6-72
2.30 p.m 6-25
4.30 p.m 6-33

9.30 a.m. C
, ,

\
12.30 p.m. \

next <lay
/

* Blood shows sign« of laking.

7 03
4-95

The above figures were actually obtained during a spell of very

hot weather, all the preparations being kept in the laboratory.

During cold weather, or if the preparations are kept in an ice-chest,

the figure obtained will fall within the limits of error for a much
longer period. This is a very great advantage—for knowing this,

blood for counting purposes, as for centrifuging, can be carried for
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a considerable distance to the laboratory, and will still be suitable,

provided haemolysis is not in evidence.

From the examples given, and from numerous other observations

not recorded here, the following conclusions are drawn for equine
blood :

—
(a) It is almost, if not quite impossible, to get a uniform

suspension of red corpuscles in any dilution.

( b

)

The ruled lines in the counting chamber alter the distribu-

tion of the red cells in the fluid used for counting.

(c) For the above two reasons the figures obtained in counting
are not very accurate, and may be as much as 10 per

cent. out.

(d) Citrated blood, or a dilution with Hayem’s solution, will

remain suitable for counting purposes for quite a consider-

able time.

Relation between Volume of Red Corpuscles and their Number.

Numerous observations were made to determine if there is a

constant ratio between* the centrifuge readings and the red coipuscular

counts for the same sample of blood. From the figures given (Table
I) it will be seen that this ratio remains remarkably constant for the

horse, and approximates to 4.35 over a very wide range. It will be
seen that with one solitary exception, this ratio falls between 4 and
4.7, that is, the highest ratio obtained is 17-| per cent, higher than
the lowest.

In discussing the erythrocyte counts it was shown that for horses

the figure could not be relied upon, and that in any count the number
obtained may be as much as 10 per cent. out. The centrifuge readings
on the other hand can be absolutely relied upon. Is it not possible

that the extreme figures obtained for this ratio are due largely to

errors in the count ? Take one case, for instance that of animal
13823 on 10-11.8.20: here the counts were 7.8 x 10 6 in each case. If

we assume that the count was too high by 10 per cent., the corrected
figures would be about 7.1 x 10®. The ratios now become 4.3 and
4.36. Thus an error in the counting of even less than 10 per cent,

would account for the marked deviations sometimes observed in the
ratio.

If we now assume that the ratio should be 4.35, then in the case

of 13823 the
“
calculated ” counts would be 7.0 and 7.13 x 10®,

approximately what the corrected figures are. In the case of the
great majority of data obtained, the “ calculated count ” differs only
slightly from the actual count made. If we select any case at random,
say horse 11144, on 13.9.20, we find that the “ calculated ” count is

8.28 x 10®, whereas the actual count made is 8.4 x 10®, giving a
difference of 0.12 x 10®, or less than 2 per cent. A further very
interesting observation is that the average ratio for most animals
generally approximates very closely to 4.35—a further reason why
the extreme figures are regarded as due to faulty counting rather
than other factors. Again, the figures obtained for the average dia-

meters of the red corpuscles of horses in smears also siiggest that the
ratio should approximate to some constant.

It is not thought that this ratio will be found quite constant
even if the number of red corpuscles could be estimated with a greater
degree of accuracy, for the following reasons, (a) The volume of the
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red cell does depend to some extent upon the “osmotic pressure”
of the bathing fluid, and this factor may vary slightly with conse-
quent variations in the ratio, (b) Even if the “osmotic pressure”
does remain absolutely constant, the actual size of the corpuscle may
vary especially from animal to animal

;
indeed, the figures appearing

in the tables seem to suggest this, as the ratios of some animals are
almost always on the low or on the high side.

From these considerations we are forced to the conclusion that
the information to be gained by the centrifuge is much more useful
for healthy horses than the information to be gained by counting,
and that the “ calculated ” count can be accepted with as much
confidence as the count actually made. It is of course obvious that
in diseases in which the size of the corpuscles changes, the centrifuge
readings cannot be used for calculating the blood count, but in
healthy horses at any rate, the actual count is certainly no more
reliable than the “ calculated count.” For this reason counting was
very largely abandoned in the present work, and was only undertaken
in order to confirm centrifuge readings, or to verify if the ratio
remained approximately the same.

Colour and Volume of Red Corpuscles.

In discussing the readings obtained by the Sahli haemometer,
it was pointed out that these could not be relied upon to a degree of

accuracy greater than 5. Even if this error is presumed, it will

be seen that the ratio between the Sahli reading and the centrifuge
reading does not even approximate to a constant. Very roughly
the percentage volume is about half the Sahli reading, but the ratio

is often considerably lower or higher. Not only does the ratio differ

much from horse to horse, but even in the same animal variations

are noted, not from day to day alone, but also from hour to hour.
These latter variations, however, are slight when compared with the
daily variations or those from animal to animal, and are probably due
mostly to the rapid darkening of the colour, as pointed out by
Meulengracht.

The centrifuge readings can thus not be taken as an indication

of haemoglobin content of the red corpuscles. The figures point very
clearly to the fact that the haemoglobin content of the red corpuscle
in apparently healthy horses may vary very widely in the same indi-

vidual from time to time. If we take horse No. 11144, we find that

for the first part of September, 1920, the ratio was about 2, whereas
in the beginning of November it was only about 1.7, i.e. 15 per cent,

less.

An attempt was made to ascertain definitely what factors

influence the haemoglobin content of the blood of healthy horses, but
the results so far obtained are negative and not recorded.

A very large number of ratios between haemoglobin content and
volume were calculated. These are not given for considerations of

space, those given being typical of all the results. These figures in

themselves are of considerable interest and show how variable the

haemoglobin content may be. Besides, for the purpose of comparison
the figures are again of considerable value. When the haemoglobin
reading and percentage volume of red cells are taken, the red cor-

puscular count does not seem to be of such very great importance,

even when diseased conditions are investigated, and it is thought that
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the combination of the centrifuge and the haemometer is just as

valuable as a combination of the red count and the haemoglobin

content.

From certain points of view the centrifuge results must be of far greater

value than the erythrocyte count in conjunction with the haemometer readings.

Consider a hypothetical case. In a certain sick horse the Sahli reading is 50,

and the centrifuge reading 40, giving a ratio of 1.25. This gives the carrying

capacity for oxygen per unit volume of red cells, and shows that this capacity

as compared to the healthy horse is very low. But the individual cells in this case

may be considerably larger than the cells in a healthy horse, and the count

may actually be as low as 0.5 x 10 1

'. This count would certainly be somewhat
higher than usual for the Sahli reading, but it would not indicate the serious

deficiency in haemoglobin that actually exists. It may be said that microscopic

examination will soon show that the cells are enlarged, and this will bring the

deficiency home fully. For the sake of argument, we may assume that the red

cells are mathematically similar bodies—in which case the volume is some
constant number of times the diameter cubed. Thus a cell whose diameter is

5.5,u. will have a volume of (5.5)
J XK. If the diameter is increased to 5.7 the

volume becomes (5.7)
3 XK, and the increase in volume is (5.7) 3 - (5.5)

3 K = ,

(.2x3x5.

5

3 +3x5.5X .22)K approximately, i.e. greater than (3x5.

5

2 X ,2)K.

.
,

...
,

., 100x3x5.5 2 x.‘2 ieIhe percentage volume increase is thus greater than _ >

greater than i.e. greater than 10. Now, a change in the diameters of the

red corpuscles of .2/* would only be perceptible with most careful measurement,
but in the centrifuge a change in volume of 10 per cent, would be very obvious.
It seems very doubtful if a change in diameter of ,5ju

(
= about 9 per cent.) would

be noticed excepting by measurement; yet such a change would result in a
volume change of approximately 30 per cent., and this in turn would reduce the
ratio say from 1.6 to 1.23.

Capps (cited by Buchanan) has raised this point, and contends
that the volume index is as useful in the study of disease as the
number index, a view with which we agree.

Sumunary.

(1) The normal red corpuscle of the horse is cup-shaped.

(2) The average diameter of the red corpuscle of the horse in smears
is about 5.5y.

(3) (a) The figures obtained for the percentage volume of red cor-

puscles can be relied upon with the technique described, (b) The
red corpuscles are extremely flexible, and need only a very slight

force for deformation.
(c

)

Transient alterations in the osmotic
pressure of the plasma of healthy horses due to loss or gain of

water cannot be a serious factor in changing the percentage
volume of the red corpuscles.

(4) (a) The haemoglobin content of the blood as determined by the
Sahli haemometer may be as much as 5 units out. (b) Citra-
tion of the blood does not interfere with the determination of the
colour.

(5) The red corpuscular count for horse blood may be as much as 10
per cent. out.

(6) (a) The volume of the average red cell of the horse is fairly con-
stant in health and is about 4.35 x K. (6) The red corpuscular
count calculated from the percentage volume of red cells is as
reliable as the actual counts made for the blood of healthy horses.

(7) The “volume colour” for horse blood is very variable, but is as
valuable as the “count colour,” even in pathological states.
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Section III (a).

MAIN OBSERVATIONS ON THE ERYTHROCYTES OF
THE HORSE.

It was at first intended to record the results in the usual manner,
grouping together the figures for stallions, geldings, and mares
according to their age. A very casual glance at the first sets of

figures (Table I) shows that for horses this grouping is not a satis-

factory one, and that the figures obtained for the red corpuscular
count, or the percentage volume of red cells, or the Sahli reading,

are in no way dependent upon sex. It will also he noticed that
although the variation from animal to animal may be very extreme,
yet the figures obtained for the same animal remain fairly constant
when taken over a short time.

The very obvious fact that these first data indicate is that the

, manner of life of the healthy animal is one of the main factors which
determines its blood state as regards the red corpuscles. If we take

horse No. 11144 (Table I) we find that the volume of the red cells is

always over 30 per cent.—in fact generally nearer 40 per cent, than
30 per cent., and that the erythrocyte count is very rarely under
8 x 10° per c. mm. Now this animal had been used for months as a

saddle horse before the observations began, and was also used as a

saddle horse during the whole period it was under observation. The
horse did fast work all the time, and the feeding was liberal and good.
Again take horse No. 11775; here the volume of red cells is only

23 per cent., and the erythrocyte count 5.2 x 10 6 per c. mm. This
animal had been stabled for months—and the probability is that it

never did any work at any time (the complete history is not known).
The contrast between the blood of these two animals is really

rematrkable. They were fed and stabled alike, and it will be seen

that the haemoglobin content per unit volume of red cells does not

differ much. But horse No. 11144 was a fast working animal, whereas
horse No. 11775 was a stabled animal that never did any work.

In looking through the figures in Table I it was noticed that

similar contrasts existed in every case between animals doing fast

work and those that had been stabled for long periods—and it was
thus decided to arrange the data according to the nature of the work
the animals did, rather than according to their sex or age. The
animals were thus classified as fast working animals (e.g. saddle and
harness horses doing fast work), veld animals and animals doing slow
work (e.g. cart horses) and stabled animals.

Stabled Animals. (Table 77.)

There is a certain difficulty in regard to this class—for animals
that are stabled for a few weeks only could not possibly be considered

as stabled animals. Moreover, animals stabled at night only and
let out into a paddock for the day, could not be considered as stabled

animals. It was therefore thought advisable to include in this class

only such animals as were known to have been stabled for at leastj

six months—animals never allowed to take exercise and doing no work
whatever. As could be expected, not many such animals exist, for

people do not keep horses unless they can work them. However, a few
such cases were observed, and the results are given in Table II.

The figures are remarkable in that in every single case the per-

centage volume of red corpuscles or the erythrocyte count, ivas very
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low. In no single case was tlie volume of the red corpuscles higher

than 30 per cent., and in one case it was actually lower than 20 per

cent. The highest red corpuscular count observed was 7 x 10 c

(probably too high an estimation), whereas the lowest was below
4 x 10°. There is thus a very great difference between the extremes
in this class, and it is considered that this may be due to (1) indi-

vidual variation, (2) the previous history of the animal.

(1) In how far the individuality of the animal may influence

the percentage volume or count of the red corpuscles, it would bo
most difficult to ascertain, as one would have to observe a fair number
of animals that had had identical treatment from birth onwards.
But when the variations between individuals in other respects are

considered, it seems likely that this may be a minor factor in deter-

mining the blood count.

(2) Horse No. 13439 gives a clue to the situation in this respect.

The figures for this animal suggest that when once an animal has a

high red count, the time that elapses before this count falls consider-

ably may be quite long. In order to verify this experimentally it

was intended to keep under observation all animals having a high
initial blood count (and that had done fast work) that had to have a

period of rest, e.g. injured animals. Unfortunately few such cases

occurred. However, it was possible to keep two young horses under
observation—both horses that got injured and had to be kept quiet.

These horses are called A and B in the Table III, and the red counts
only are recorded. (The white counts could not be considered normal
owing to the injuries.) These two animals for the first two weeks
were not allowed out of the .stable at all—but later they were let loose

in a small paddock. Owing to their injuries they did not move about
much in the paddock until recovery was more or less complete. The
treatment of these animals was very regular, and in every case the
blood was taken just before the afternoon feed at 5 p.m.

Date. A. B.
15th June, 1921 . ... 8.9 9.2
29th June, 1921 . ... 8.6 8.8
18th Julv, 192] . ... 8.0 8.1
28th July, 1921 . ... 7.8 8.0
17th August, 1921 7.4 7.6
14th September, 1921 7.0 7.4

It will be seen from the figures obtained that the blood count
after three months had fallen by nearly 2 x 10 6 per c. mm. in each
case, and that even after such a long rest the figure was still high.
These two cases, though they cannot be accepted as proof positive, yet
indicate that with prolonged inactivity, the erythrocyte count of an
animal having a high initial count does fall.

Indirect evidence of the influence of inactivity upon the count
or percentage volume of red corpuscles could be obtained in a few
cases, e.g. horses Nos. 10, 9, 12808, and 11505. All these horses are
very old and were treated as “old soldiers”—they were stabled at
night and fed liberally, but were let out to graze during the day.
These moved about as little as possible in the paddock and for all
practical purposes may be considered as horses permanently stabled.
It was found that in every case the blood count was very low. Why?
Is it on account of the age? This it is impossible to answer with
certainty. It is probable that the age as such may influence the count
somewhat—but it is equally certain that the age is not the only or
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main factor. Horse No. 11775 for instance, is a young animal, only
four years old, and yet its calculated blood count is far less than any
count of the above animals. Moreover, horse No. 13872 ((Table VI)
is also an old animal, probably very little younger than any of the

animals under consideration, and yet its blood count is high by com-
parison .

Without more direct evidence it would be impossible to conclude
with absolute certainty in how far the inactivity of the animal is

responsible for the low number of percentage volume of the red cor-

puscles. The few cases observed, however, very strongly suggest that

the activity of the animal plays an important part in determining
the number or percentage volume of the red corpuscles. These few
observations seem to indicate the extreme probability that the less

active the horse is, the lower will be its blood count or the percentage
volume of its red corpuscles.

It was possible at a later date to examine the blood of a few
more stabled animals. The figures are recorded in Table II under
“ additional observations.” These animals give substantially the

same figures as the first animals observed. Whatever doubt may have
existed before, was removed by this confirmatory evidence. Short of

a direct proof no more satisfactory evidence than that in Table II

could be expected, for it would be too curious a coincidence if every
animal in this class that came under observation just “ happened ”

to have a low blood count or percentage volume of red cells.

Graph !.

A—Average for Stabled Horses.
B— „ ,, Medium Horses.
C— „ „ Fast-working Horses.
D— ,, Racehorses in full

training.

Vnder the manner of life, must also be considered the food of

the animal. It was not possible to ascertain the influence of food

upon the count or percentage volume of the red corpuscles. It is

conceivable, however, that an animal always getting a liberal ration

of good food may have a different red count than an animal having
an insufficient ration or improper food, all other factors being the

same. The animals that came under observation in this work were
mostly bought for horse-sickness experiments, and were thus of “ all

sorts and conditions.” Only in a very few instances was it possible
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to obtain any definite information about any animal’s previous

history.

In Graph I the figures for the percentage volumes of the red
corpuscles for stabled and other animals are represented.

Fast Working Animals. (Table 111.)

Owners do not agree as to what constitutes liard or fast work for

a horse—and it is necessary to define this term somewhat. In this

work animals are considered as doing “ fast
” work only if they are

worked at an average speed exceeding 7 miles per hour, and if the

average daily distance travelled is not less than 12 miles. This is

putting a low limit, but if the limit is put any higher, there are not

many animals that would fall in this class.

Table III shows that in this class of animal the count of' the red

corpuscles, or their percentage volume, is always high—the count in

a few instances being over 10 x 106 per c. mm., and the volume of the
red corpuscles well over 40 per cent. These are extreme cases, how-
ever. In some cases again the count was decidedly low, as for

instance in the case of some of the private horses. Here the word of

the owner was taken that the animal was doing fast work (in the

above sense) and, as was stated above, the meaning of work varies

very much with the owner. It is therefore probable that some of

these horses should not have been included in this class.

Theye is no doubt, however, that the figures for the count or
percentage volume of the red cells are high in this class, and show
a marked contrast to the figures obtained for stabled animals. (See

Graph I.)

In order to verify this finding it was thought possible to arrange
for suitable experiments at some racing stable. But owners of race-

horses, and trainers, steadily refused to allow any blood to be taken
from their animals. After a considerable amount of trouble it was
possible on a certain occasion to get a small sample of blood from the
ear of six animals in full training. The counts for these animals are
given under R, . . . R

f)
.

Horse No. Date. R. Count.

R,, St., 8 1st July, 1920 10 6
R2 ,

St., 4 „ 10 7

R3 ,
St., aged „ 10.1

R4 ,
Mare, 2 ,, 11.1

R 3 ,
Mare, 5 ,, 10.5

R,„ Mare, aged ,, 9.1

h—seemingly too high. But when it

made from ear blood, the very high
(This point will be dealt with

These counts are very hi
is recollected that they were
figures are quite easily understood,
later on.)

The finding for these six animals is a striking confirmation of
the first results. These figures for the racehorses, when reduced to

probable venous (jugular) count, all are somewhere in the vicinity
of 10 million per c.mm., corresponding to a percentage volume of red
corpuscles of about 44, approximately the figures obtained for some
of the Government horses that were actually doing and had been
doing hard fast work.

It is hardly necessary to discuss this matter any further—the
results are very convincing, and the figures speak for themselves. The
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variations that occur between individual animals in this class can be
accounted for in much the same manner as in the case of stabled

animals.
Later on it was possible to get small quantities of jugular blood

from three racehorses in Johannesburg. The figures for these horses

are given in Table III under “ additional racehorses.” The histories

of the animals are shortly as follows:

—

(a) Greentop was a gelding

9 years old, in full training. During the last years the animal had
won a few races. The blood of this animal showTed a percentage
volume of red cells and a count that wrere really startling—certainly

higher than what was expected. These figures not only confirm the

fact that fast work results in an increased count and percentage
volume of red corpuscles, but show that the upper limit may even
be higher than was originally anticipated. (6) The Daughter of
Seclusion was a mare, 3 off, not in training yet, but had a good deal

of exercise as a riding horse. Her blood gave figures considerably
lower than that of Greentop, but very like those of most of the riding
horses that came under observation, (c) Mare (Unnamed), rising 3,

was not yet trained under the saddle even, but had been “ ringed.”
She was permanently stabled, did no work whatever, but was allowed
only a very small amount of exercise. The figures for this mare are

very si ightl y higher than those for stabled animals.

Graph II.

A—Mare (unnamed and untrained).
B—Daughter of Seclusion (Riding

Mare).
C—Greentop (in full training).

Whatever doubts there may have been about the matter before,

were removed by the above findings. Horse Greentop confirms the

fact that racehorses in the pink of training have exceedingly high
percentage volumes of red corpuscles or erythrocyte counts. The
three of them show how the figures change with exercise, and, as they

were all thoroughbreds, negative the suggestion that “breed” as

such plays an important role in the production of the blood picture

(see Graph II).

Indeed there is some direct evidence to prove that work causes

an increase in the percentage volume, or count of the red cells.

Animals X, Y, and Z were kept under observation for five weeks
during their hard training. The blood was taken from the vein in
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these animals, and the figures were obtained by taking 10 columns of
the counting chamber transversely and longitudinally (= 1200
squares). These figures are therefore probably more correct than any
other counts recorded. The count of X increased by l.GT in five weeks
that of Y (which got injured) by 1.09 x 10 6 and that of Z by 1.94
x 10°. These results are represented graphically in graph III "below,
and show that there is an increase with hard training, the rate
tending to slow down with time.

Graphs I, II, and III show the influence of fast work upon the
count or percentage volume of the red cells in a most convincing
mauner, and allow us to state with confidence that “ in the horse the
percentage volume or count of the red cells increases within limits

,

with the amount of fast work.”

Graph III.
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Showing the influence of training upon the Red Count.

By reference to Graph III it is seen that for three young horses
the increase follows very rapidly in the wake of work, unlike the
decrease which takes place with idleness. If must here be repeated
that the animals under observation were all young, and that it is
probable that the rapid response to exercise observed in these three
animals may not be observed in older horses.

Medium and Slow Working, and Veld Animals. (Table IV
.)

In this class a remarkable difference is seen between individuals,
some having counts even higher than some fast working animals. In
this group were included not only animals whose histories were known,
but all animals that were not actually known to be either fast and’
hard working or stabled. It is thus likely that some of the horses,
had their histories been known, would have been placed in one of the
other groups.

The figures need very little explanation. In the majority of
cases, the percentage volumes or red counts are somewhat higher than
for stabled animals, and somewhat lower than for hard and fast
working animals. Some animals in this group were known to have
done saddle work some time before they were sent to Pretoria but
the actual amount of work done, or the time when this work ceased
was not known.

A few of the animals in this group may be taken as demon-
strating how gradual the decrease in the percentage volume or count
ot the red corpuscles takes place. Horse No. 11125, for instance, shows
no decrease over a period of a month—in fact, the figures suggest that
there was a slight increase. Horse No. 11111 shows practically no
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decrease for a period of about 3 months, neither does horse No. 11727
for a period of 5 months. But these horses did not have a very high
initial red count—and they were not kept absolutely without any
exercise as they were let out into a paddock practically every day.
Moreover, these animals were not young.

The results obtained in this group in no way upset the conclusions
arrived at from a consideration of the results in the two previous
groups—in fact, these results seem to support the other findings, and
only indicate that when once a high count or percentage volume of

red cells is established, it may take a very long time of inactivity
before an appreciable reduction takes places in the case of older
animals.

From the figures recorded in this work it is obvious that sex can
play but an insignificant part (if any at all) in determining the
erythrocyte count. Indeed, it would be impossible to determine the
influence of sex upon this count, excepting by an experiment in which
every factor is controlled, and extending over a number of years.

In a like manner the influence of age could possibly be established.

In all such experiments the animals would have to have uniform
treatment throughout, so that the influence due to work is the same
in each case.

The percentage volume or count of the red cells would give a
valuable indication of the state of training or fitness of a horse. With
experience it should be possible to determine with certainty whether
a horse is used to fast work, by determining either the count or

percentage volume of red cells. This matter is often in dispute
between the buyer and the seller of horses.

The data recorded in the various tables are not at all surprising

when the evolutionary history of the horse is considered. The an-

cestors of the modern horse depended upon speed and endurance for

escape from enemies
;
and these qualities the modern horse possesses

potentially. Speed and endurance are only possible in an animal in

which the circulatory system can meet the extreme demands of the
body.

The potential speed and endurance of the horse can be realized

by training. During training, not only the muscular system, but

also the circulatory system becomes developed. In a racehorse, for

instance, the heart as a rule is much stronger and bigger than in the

ordinary horse. But equally great, though not such obvious changes
take place in the blood itself

;
the capacity per unit volume of the blood

for carrying oxygen is increased by an increase in the number of
normal red cells. Thus training in the horse increases the capacity of

the blood for carrying oxygen, just in the same way as it increases

the capacity of the muscles for doing work.
There is, of course, a limit to the increase in the number of red

cells per unit volume of blood, for an indefinite increase would result

in too great a viscosity. From the figures obtained it seems as if this

limit is somewhere in the vicinity of 13 x 10 6 red cells per c. mm. of

blood.

The reverse to development seems to obtain with the blood in

much the same way as it does with the muscles. Take as an example
horse No. 11775, Table I. This was a gelding of 4 years. The animal
was untrained. Its very appearance indicated that it never led an
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active life, and the muscles were badly developed. In this animal
the volume of red cells was only 23 per cent., and the number 5.2 x

10 u per c. mm. It may be said that this animal suffered from anaemia.
But this is not the case in the sense that there was any deficiency of

haemoglobin in the corpuscles, for the “ volume, colour ” was 1.90.

In a horse that is trained and kept in training for a long time
the blood seems to become “ set ” as it were, i.e. responds to changed
conditions hut very slowly. This probably explains why so many
horses in Table IV .show high blood counts, and why some of the

horses in Table II do not show very low blood counts.

No data whatever were obtained to show if the increase in the
number or volume of the red cells during training is relative or

absolute. It is probable, however, that the increase is absolute
, and

is a genuine response of the blood-forming tissues to the increased
demand made upon the blood. If the increase were due only to con-
centration, then one would expect a rapid decrease with idleness.

In conclusion it is necessary to point out that the term “ normal ”

is very ambiguous as applied to the horse with reference to its red
cells. An investigator that keeps racehorses in training under
observation may regard 10 x 10 6 red cells per c. mm. as

“ normal,”
whereas a second investigator dealing with stabled animals only (very
unlikely) may regard 6 x 10° as the normal number of red cells per
cm. of horse blood. The history of the animal, if known, should
always accompany the figure for the percentage volume or count of
red cells, if the information is to be of any real value. For instance
the mere statement that a certain horse has a count of say 7 x 10 c

,

is of very little real value. But it is stated that this is for a race-
horse in full training, the figure at once indicates that there is some-
thing radically wrong with the animal. Likewise a count of 8 x 10°

would indicate something very abnormal only in a “ stabled ” animal.
Moreover, accurate conclusions as to the changes in numbers of

erythrocytes in disease, can only be arrived at by comparing the data
obtained before and after the onset of disease.

Summary .

(1) The mode of life of a horse is one of the main factors determining
the percentage volume, or number per unit volume, of red cells

in jugular blood.

(2) Stabled animals that are known not to have done any work for a

long time have a low percentage volume or count of red cells for
jugular blood.

(3) Hard fast working animals have a high percentage volume or
count of red cells for jugular blood.

(4) The percentage volume or count of red cells decreases but slowly
with idleness in an animal which was in training and is not very
young.

(5) The percentage volume or count of red cells in a young liorsef

increases rapidly with training if these figures are low at the
beginning.

(6) The figures obtained for the percentage volume or count of the
red cells are only of real value if the history of the horse is
known.

(7) The count or percentage volume of the red cells can be used to
determine the state of training or fitness for fast work of a horse.



51G

Mares in Foal and with Foals. (Table V.)

Not many mares in this class came under observation, and even
if many had, no conclusions could be arrived at until certain factors

could be controlled. The influence of work upon the erythrocyte
count is so marked in the horse, that unless this factor were carefully
controlled for a large number of mares in foal and not in foal, it

would be very difficult to determine the influence of pregnancy. It

is therefore not at all surprising to find that the few mares which did
come under observation showed variations between 28 and 39 for the

percentage volume of the red cells. The figures for the red cells are

thus recorded for the interest they may be to other workers, and
also because they show what marked differences may be found between
mares in the same stage of pregnancy.

As with the mares, only a few foals came under observation, and
nothing very definite can thus be said. By reference to Table V it is

seen that every foal that came under observation shortly after birth

had a high percentage volume of red cells, e.g. for foal of 13836 the,

figure was 48 the first week after birth, for foal of A. 56, 39 the day
after birth, for foal of 92, 42 the day after birth. These figures

indicate that the foal at birth has a high percentage volume of red

cells. But this high figure does not seem to be maintained for a long
time. Thus the figures about two months after birth for the foals

of mares 13836, 92, and 1396 were only 30, 36, and 32 respectively,

showing that there was a marked decrease in so short a time.

Foal of 13836 was constantly kept in the stable, whereas foal of

92 was allowed out with the mother. Foal of 13878 was from the

veld. The decrease was thus greatest in the case of the stabled foal.

The figures obtained for foals are too few to allow of any certain

conclusions being arrived at as regards the red corpuscles. It is

probable that the changes in percentage volume of red cells with
regular exercise, observed in adult horses, will also be observed in

foals, and that in foals the response will be quicker than in adult-

horses.

The data for individual animals show marked variations from

time to time. At first it was thought that some error in the technique

was responsible for this, and in a great many cases fresh blood was
drawn and the figures obtained a second time. These new data often

agreed so closely with the first that it could not be accepted that

errors in the technique were responsible for the variations. Later

on it was thought advisable to collect two bottles of blood at the same
time, so that in case of discrepancies the figures for the first sample

of blood could be confirmed by those of the second. This practice

was discontinued after a time, as the results showed most convincingly

that there was a genuine change in the number or volume of the red

cells per unit volume of jugular blood from time to time.

A great many experiments were undertaken to try and find out

if these changes were due to particular causes, and some of these

experiments are indicated in the various tables. Particular attention

was given to the following:—
Changes due to starvation, thirst, times of feeding and watering,

nature, and amount of work. The net positi\e result of these experi-

ments is about nil, as the figures indicate. In some instances changes

were observed under certain circumstances but as often as not similar
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changes did not occur in other cases in which horses were treated in

a like manner.
It may be mentioned that horses were never allowed to go without

food and water for a very long time
;
this seemed too cruel and quite

unnecessary. With the short periods of starvation no constant change,
was ever noted. It will be seen, however, that during the short

periods of starvation the percentage volume or count of the red cells

remains fairly constant.

In some instances a change was noted after feeding an animal
that had been starved for some time. Thus horse No. 11125, Table IV,
showed an increase of 4 in the percentage volume of the red cells an
hour after it had been fed on the 15/10/20, but only an increase of 1

two hours after it was fed. The animal was watered at 2 p.m., and
at 3 p.m. the percentage volume had decreased by 4, but at 4 p.m.
no decrease was observed. From these figures it would appear as

if feeding, without water, causes a very temporary increase in the per-

centage volume of red cells, whereas water after a period of thirst

seems to have the opposite effect. Similar results after feeding were
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noticed with 11027, Table IV, on the 26/11/20, and with 13943,
Table IV, on the 27/1/21, and a similar result was obtained after
watering, with 10218, Table IV, on the 26/11/21. But in some
animals the very opposite result was obtained. Thus ou the 24/11/20,
No. 11725 showed an increase in the percentage volume of red cells
after being watered between 10 a.m. and 12 noon; the same applies
to No. 13943, Table, IV, on the 27/1/21. (See Graph IV.)

The instances mentioned are typical of the contradictory results
obtained with feeding and watering experiments on horses standing
in the stable. The probable reason for these contradictory results
will be given later on. The one certain fact that was established by
these experiments is that in the horse moderate periods of hunger
or thirst do not influence the percentage volume of the re,d corpuscles
in jugular blood to any very considerable extent, nor does food or
water after such periods of hunger or thirst.



51S

It was thought probable that the exercise the animal had may
be an important immediate factor in determining the state of the

blood with respect to the red corpuscles. In order to ascertain if

work had anything to do with the daily or hourly variations in the

per cent, volume of the red cells, a saddle horse was kept under
observation for a long time. This animal, No. 11144 (Table III),

had to do a considerable amount of fast work. The animal was on
many occasions bled before it started, and after it returned. In
each case the animal was first saddled and then bled, so as to ensure
uniformity.

Table III shows that the figures were not changed to any appre-
ciable extent by varying circumstances. Thus on the 25/2/21 the

percentage voliune of red corpuscles before and after exercise was 37 in

each case; on the 4/3/21 the figures were 38 and 39 respectively;

on the 14/3/21 the figures were 39 and 38 respectively, etc. On the

28/4/21 the animal was actually raced for eight miles—i.e. the

animal was urged to go at its fastest pace forward and then after a

rest, without food or water, was raced back again. In this case the

percentage volume increased from 37 to 39.

These experiments again show very clearly that a single period

of moderate exercise does not change the percentage volume of the red
corpuscles of jugular blood to any appreciable extent. The experi-

ments were all undertaken during the summer months, and in almost
every case the horse returned wet with perspiration. When the
horse was ridden at a fast pace, it returned in a foam, showing that

perspiration was fairly profuse. The results thus suggest that the

loss of moisture from the blood during moderate perspiration is

almost wholly compensated for by a g’ain of moisture from the rest

of the body.
The above results show that the changes in the percentage volume

oi count of the red corpuscles could not be due either to the food

or to moderate exercise. It is believed that prolonged thirst, or

exercise to' the point of exhaustion, will result in considerable changes
in the percentage volume of the red corpuscles, but such experiments
were not undertaken.

Simultaneous observations of the blood from the ear and jugular
vein gave the solution to the problem. The figures in Table VI are

very important, and merit some discussion. Some of the results are

given in Graph V.
(a) Almost without exception the erythrocyte count for ear

blood is higher than that for jugular blood. Blood from the ear wras

always taken as follows:—The point of the ear was clipped clean of

hair and washed with some disinfectant. The ear was then given a

few slaps to make the circulation g'ood. A large puncture was then

made with a hypodermic needle, in the point of the ear. The first

few drops of blood were shaken off, and that issuing from the punc-
ture after this was used for counting purposes. With these pre-

cautions the sample of blood is probably typical of the blood in the

capillaries of the ear.

These results amply justify the objections raised against taking
blood for study from an appendage. The figures show that the
difference between the ear blood and jugular blood is by no means
constant. Take as an example No. 9882 on the 22/6/21. At 9.45
the difference between the two counts was only 0.2 x 106

,
whereas
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at 10.45 the difference was 2.2 x 10 fi

,
and at 3.20 p.m. 0.50 x 10 fi

.

The results show clearly that the ear blood actually varies within
very wide limits from hour to hour. (See Graph V, figures 1 to 11.)

(5) No. 9882, Table VI, was last fed and watered on the evening
of the 21/6/21. At 9.45 a.m. on the 22/6/21 the ear red count was
greater than the jugular red count by 0.2 x 10 s

. One hour after the

animal had been fed the difference was 2.2 x 10 B
,
and two and a half

hours later the difference was over 2.6 x 10°. Similar differences, though
not so marked, are shown by No. 13872 on the 15/6/21. In the cases

mentioned the differences observed must clearly be due to the feeding.
It will be seen that in spite of the great changes in the ear counts,

the changes in jugular counts, are, as a rule, small (the ear count
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between 9.45 a.m. and 10.45 a.m. increased by 1.81 x 10 6 for No.
9882 on the 22/6/21, whereas the jugular count decreased by 0.19
x .10 only; which finding confirms the figures obtained for the per-
centage volume of the rod ceils for jugular blood under similar con-
ditions.

Now, at 9.45 a.m. the animal was waiting for its morning feed,
which was some three hours overdue. The animal was certainly in a
state of restlessness, for an irregularity of this kind was unknown.
During this stage of excitement the heart was certainly more active
than normal, and the flow of blood more proportionately distributed
throughout the body. But at 10.45 a.m. the animal bad been feeding
for one hour, and (if the teaching of veterinary physiology be
accepted) active digestion was at its height. During active digestion
the blood is diverted very largely to the spianchnics, with the result
that the blood flow in the peripheral area is decreased. The, change
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in the count of the ear blood was thus associated with a change in

blood flow through the ear; and a decreased flow of blood through
the ear thus resulted in a higher count there.

The above experiments were repeated in a somewhat different

form. Hiding horse No. 13872 wTas bled immediately after a very
fast ride of about three miles, and then again after it had had some
food and rest (Table VI for 13872 on the 5/7/21). At 8.45 a.m.,
immediately after the fast ride the ear count exceeded that of the
jugular by only 0.1 x 10 6

. At 9.25 a.m., however, after the animal
had had some food and rest, the ear count exceeded that of the
jugular by 2.69 x 10 6

. The ear count had now increased by 2.25

x 10°, whereas the jugular count had decreased by 0.34 x 10°.

(See Graph V, figure IV.)
These figures show beyond any doubt that the mechanical state

of the circulation is a most important factor in the variations in the
erythrocyte count of blood from different parts. In order to verify

the above findings the following experiment was undertaken. Animal
No. (?) was ted as usual in the morning. This animal was bled
and then threatened with a stick for some time. On the 5/10/21 the

animal was hit repeatedly, as it did not seem to mind the threats at

all. The figures obtained (Table VI) confirmed the previous findings

in a most striking manner. Several similar experiments (not recorded)

confirmed the above results. (See Graph V, figures V, VI, and
vii.)

There is not the slightest doubt that in the horse the erythrocyte

count of the blood depends very largely upon the mechanical state

of the circulations. It will be noticed that as a rule a decrease in

the jugular count is accompanied by an increase in that of the ear

—

exactly what one would expect if the distribution of the blood

influenced the count. This can be due only to the following factors :
—

(1) The slower the circulation is in any part, the greater the lymph
formation must be relatively, all other factors being the same. Dur-
ing active digestion most of the blood is diverted to the splanchnic
area, with the result that the blood flow in the peripheral area is

slow. Under such circumstances the time for lymph formation per

unit volume of blood passing through the peripheral capillaries is

increased, and hence the blood itself is concentrated. Any factor

which alters the distribution of the blood as active digestion does,

will give rise to a similar result. Thus mere rest after work will

produce a concentration of hlood in the ear. (2) Sedimentation of

the red corpuscles when the blood flow is very slow. This factor is

perhaps not so important as the first, but must certainly come into

play when the blood flow is extremely slow.

The figiires in Table VI show that in most cases where there is a

marked increase in the ear count there is some decrease in the

jugular count, if the observations be made on the same day.

But it the figures for various dates be compared, it will be seen

that there is often an increase or a decrease in both counts. Thus
No. 12808, Table VI, shows a decrease in both counts between
the 29/6/21 and the 15/7/21; No. 13872 shows an increase in both

counts between the 6/7/21 and the 9/7/21, etc. These figures show
that both the jugular and ear counts can be influenced in the same
direction by a factor operating at some other point in the circulation.

The figures for horse No. 13872 on the 15/6/21 also indicate this.

(See Graph V, fig. III.)
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These data furnish a very satisfactory explanation for the dif-

ferences that were observed between the figures for the percentage
volume of the red corpuscles in the same animal from time to time.

The differences are probably due to the mechanical state of the cir-

culation, a higher percentage volume of corpuscles in jugular blood
indicating an increased rate of blood flow, and the reverse. That
there is concentration of the blood in the ear with slow circulation

is beyond doubt; that this is also the case for the whole peripheral
circulation (with the exception of the dependent parts) is extremely
probable. Now, a concentration in any one part must necessarily

result in the reverse effect in other parts. When there is thus exten-
sive peripheral concentration the percentage volume of the red cells in

the jugular vein will fall.

The horse is a very excitable animal and its circulation (e.g. pulse
rate) can be much influenced by trifling occurrences. Assume now
that a horse is standing at rest in the stable after a good feed. From
the results obtained there will certainly be a peripheral concentration
of the blood, and the percentage volume of the red cells of jugular
blood will be a certain figure, say X. If the horse is now excited,

the peripheral concentration decreases, as was shown by repeated
experiments. But this will result in an increased percentage volume of

red cells in the jugular. This is the probable explanation for the
contradictory results obtained with the centrifuge in the various
experiments recorded—the figures varying through factors that are

beyond control, and which give rise to a different distribution of the
blood.

Summary .

1. Moderate periods of starvation, thirst, or exercise do not
influence the percentage volume of the red corpuscles of jugular blood
to any appreciable extent for any length of time.

2. Food or water, after moderate periods of starvation or thirst,

probably causes a slight and very temporary increase or decrease in

the percentage volume of the red corpuscles in the jugular vein.

3. The mechanical state of the circulation is a very important
factor influencing the percentage volume or count of the red cells in
any part; a slow peripheral circulation results in concentration there,

and dilution in the jugular vein.

4. Variations occur in the percentage volume or count of the red
cells of the blood of the same animal on different dates and are due
to factors which have so far not been controlled.

Section III (b ).

Donkeys and Mules—Red Corpuscles ( Table VII).
It is not intended to discuss the figures for donkeys and mules

in detail but merely to compare them with those of the horse. It

may be explained that the histories of very few of the donkeys were
known, and that it was therefore not possible to arrange the figures
as in the case of horses.

Donkeys in South Africa are never stabled permanently but are
generally allowed to pick up their own living on the veld, and
generally do their work at a slow pace.

With few exceptions the mules that came under observation
were in work. In the tables it is stated whether an animal is in



work or not. A few animals that had not worked for a long time
came under observation

.

Size of Red Corpuscles.—By referring to the figures appearing- in

Table YII it will be seen that the red corpuscles of donkeys and
mules are considerably larger in diameter than those of the horse.

The average corpuscle in the case of these animals seems to vary
in diameter to a greater extent than in the horse. In every single

instance, however, the diameter of the average corpuscle falls between
6 p. and 6.4 y. It is quite possible that the figures for the same
animal may remain fairly constant, but we have no information
in regard to this. It is, therefore, possible by careful measurement
of the diameters of the red cells, to differentiate between the blood
of horses and donkeys or mules in well prepared smears.

The Percentage Volume of Red Cells.

(1) Donkeys.—The figures in Table YII show that there are great

differences in the percentage volume of the red cells of jugular blood
between individuals. The highest percentage volume observed is

48. and the lowest 28. It is noteworthy, however, that only in one
case was the percentage volume less than 80 (mare No. 14735). If

this mare be left out. of consideration, the figures obtained show
iliat as a rule the percentage volume of the red corpuscles for donkeys
does not vary to the same extent between individuals as for horses.

(2) Males.—There ai’e marked differences between the percentage
volume of the red cells of individuals. It will be seen, however,
that in every case the volume figure is higher in animals that were
knoiwn to be doing fast work than in animals that were known to be
doing no work. The blood of a mule is thus influenced in the same
way by regular work as that of a horse.

Haemoglobin Content and Red Counts.—The figures for these

show variations as in the horse.

Ratio between Percentage Volume and Count of Red Corpus-
cles.-—This ratio for donkeys is greater than for horses, and with
very few exceptions is greater than 5. Contrary to what could be

expected, the ratio for mules is not the same as for donkeys, as the

diameters of the red cells suggest, but approximately the same
as that for horses. This ratio in donkeys and mules seems to vary
to a greater extent than in the horse, as the variations in the

diameters of the red cells suggest. The figures, in spite of the

variations, show that even with donkeys and mules the calculated

count is as useful as the actual count.

Ratio between Sahli and Centrifuge Readings.—The figures

indicate that this ratio is subject to variations as in the horse.

General.—The donkey, owing to its nature, is less likely to show
variations in erythrocyte counts consequent upon work. Still, there

is some evidence that hard-working donkeys have a higher count than
animals not working. The private donkeys at Maritzburg Asylum
were all in work and well fed; their counts were all between 5 and
6.4 x 10 s

. Donkey No. 6 at the laboratory, Maritzburg, never did

any work and showed a count of less than 5 x 10 s
.

The counts of donkeys at Pretoria and Maritzburg give some
indication of the influence of altitude. All the private donkeys at

Maritzburg were working, and in no case did the count exceed
6.4 x 10 fi

. The Pretoria donkeys were not worked at the time they
came under observation (the previous history is not known), and
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with two exceptions showed a count greater than 6.G x It)'
1

. The
probability is that most of the donkeys observed at Pretoria were
worked hard before they came to the laboratory and thus belong
to the same class as the Maritzburg donkeys. The increased

erythrocyte count at Pretoria is therefore possibly due mostly to the
increased altitude.

Section IV.

EQUINE BLOOD IN STAINED SMEARS.
The red corpuscles of equines stain very much in the same way

as those of other animals in fresh smears. With Giemsa’s stain

the corpuscles appear very red and slightly opaque if the distilled

water used is neutral. By the addition of small traces of sodium
carbonate (1 drop of a 1 per cent. Na 2 Co

3
solution per c.c.), the

redness decreases, the opacity increases and the corpuscles appear
slightly bluish. This appearance, though not characteristic of

equine blood, is very suggestive of it.

As the smear ages the staining properties of the red cells'change.

In old smears the cells are very opaque, and often take on a greenish
tint with the Giemsa stain. This can be partially prevented by
fixing the smear before it is stored.

The red cells of equines often show dark staining points—the
so called Jolly bodies. The number of these may vary considerably
between animals, and also in the same animal from time to time.

Remnants of nuclei may be seen rarely.

Leucocytes

.

It is not intended to discuss the various classifications that
have been adopted for the leucocytes of man and animals, nor the
reasons for these classifications. Du Toit, in his article on bovine
blood, discussed the literature dealing with the classification of the
leucocytes, and no good purpose would be served by going over the
same ground.

The classification adopted in the present work is that which is

very generally accepted to-day. In this classification the leucocytes
are divided into classes according to their appearances in stained
smears, and the names used are :

—
1. Lymphocytes.
2. Monocytes.
3. Neutrophiles.
4. Eosinophiles.
5. Basophiles.

The certain differentiation of the leucocytes under the micro-
scope is only possible in stained preparations. As stated in the
technique, Giemsa’s stain was found best for this purpose, especially
when used with May-Grunwakl stain as advised by Pappenheim.
In the study of equine blood it is always an advantage to over
stain the smears somewhat, as certain features of the leucocytes then
become prominent.

A description of the leucocytes of equine blood can best be given
by the help of the plates, which were all painted from preparations
stained by the May-Grunwald Giemsa combination, using the 4
ocular and the 1/12 oil immersion, with a tube length of 1G5.
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(I) The Lymphocytes. (Plate I, figures 1 to 12.)

The Nucleus of the lymphocyte is generally round, sometimes
oval, and rarely kidney-shaped. Very occasionally other shapes
have been noted, such as those given in figures 3 and 11. The size

of the nucleus in smears is very variable, being sometimes quite

small (figures 1 and 7) and at other times quite large (figures 5, G,

and 10). This may be due partly to the stretching of the cell when
the smear is made. The nucleus may stain bluish violet or reddish
violet according to the reaction of the stain, and takes the stain

better in some parts than in others. This results in a mottled
appearance of the nucleus, the darker and lighter parts being
arranged in a way not unlike the rings seen when a woody stem is

cut across at the point of branching. The figures in Plate I give a

better idea of the appearance of the nucleus than words can convey.
The cytoplasm, when present, is always basophilic and takes

the stain better at the periphery than towards the nucleus. This
results in a sort of a “ halo ” round the nucleus. Very often there
are acidophile or azurophile granules present in the cytoplasm
(figures 5, 6, 11, and 12), the number and size being very variable.

In quite, a large number of lymphocytes no cytoplasm is seen in smears
(figure 1), and often only a trace of cytoplasms can be seen to the side

of the nucleus (figures 2, 7, and 8); sometimes the' cytoplasm is

quite conspicuous (figures 5 and 10).

Certain cells in horse blood have a nucleus like the lymphocytes,
but the cytoplasm stains intensely blue (figure 13). These cells,

numbering about 1 per cent, in horse blood, have been included in

the same class as lymphocytes in the present work.

(It) The Monocytes. (Plato II, figures 1 to 5.)

These cells are always large—as large as the largest lymphocytes.
The nucleus is generally bean shaped (figures 2, 3, and 5) but may
be round, oval, or irregular (figure 4). The nucleus is never small,

and only occasionally very large.

The staining’ of the nucleus is never uniform, and is always
somewhat lighter than in lymphocytes, and somewhat less blue, in
a preparation stained dark the nucleus appears to be made up of a

number of very fine threads which have been twisted into a solid

mass and then cut across. This is a very important characteristic

of the monocyte. Some monocytes have nuclei showing a mottled
appearance like the lymphocytes in addition to the fine threads

(figures 1, 4, and 5). Figures 2 and 3 show the common appearance
of these nuclei in equine blood.

The cytoplasm is basophilic like that of the lymphocyte, but the

stain is taken best round the nucleus. The appearance of the

cytoplasm in stained smears is not unlike frosted glass. Sometimes
a reticulation of the cytoplasm is noted (figure 3), often the

cytoplasm shows a granular appearance immediately round the

nucleus (figures 1 and 2).

(Ill) The Neutrophiles. (Plate III, figures 1 to 11.)

These cells in well-prepared smears do not vary much in size in

the horse, and are generally somewhat larger than the lymphocytes.
The nucleus takes a violet stain, the intensity varying in such a

way that a cordlike appearance results (tvpical in figures 4, 9, 10,

and 11).
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In equine blood the shape of the nucleus is very variable, as

the figures show. The shapes most commonly seen are those of figures

4, 5, 7, 10, and 11, less commonly those of figures 3, 8, and 9, and
rarely those of figures 1, 2, and 6.

The cytoplasm is neutrophilic, the stained matter being collected

into very small irregular granules. The more complex the nucleus
is, as a rule, the less intense the granules of the neutrophiles stain

(compare, figures 1 and 2 with figures 8 and 11).

(IV) The Eosinophiles. (Plate III, figures 15, 16, and 17.)

These cells are characteristic in equine blood. They are the
largest cells in equine blood. The nucleus, which is generally
bilobed, rarely trilobed, does not take the stain so readily as in other
leucocytes, and no particular structure can be seen. The distinctive

feature of these cells is the eosinophilic granule. In the horse these
granules are very large, and stain a bright and intense red with
Giemsa.

The granules of eosinopliile of the horse are very loosely

bound together, and in smears appear well separated (figure 15),

their concentration is always greatest about the nucleus.

(Y) The Basophiles

.

(Plate III, figures 12 to 14.)

The sizes and nuclei of these cells are like those of the eosinophiles,

but the staining is somewhat lighter. The granules are very baso-

philic, and very much smaller than those of the eosinophiles. In
smears the granules are generally aggregated at the periphery of the
cytoplasm, a clear space free of granules often being seen lound the
nucleus.

The lymphocytes and monocytes of horses are not unlike those of

bovines, and it would be very difficult (if not impossible) to differen-

tiate these. The nucleus of the neutrophiles of the horse is generally
cardlike rather than lobed, as is the case in bovines. The eosino-

philes and basophiles of the equine are very distinctive, and cannot
be mistaken for those of any other domestic animal. If in any blood
smears, cells like those depicted in Plate III, figures 12 to 17, are
found, one can be certain that the blood came from an equine.

Section Y.

LEUCOCYTES OF THE HORSE: NUMBER AND
DIFFERENTIAL COUNTS.

Numbers .—With few exceptions the number of leucocytes in the
blood was obtained by counting over the whole of the chamber.
Repeated counts were made from the same dilution, as with the red
cells, and it was found that the counts agreed much more closely.

The figures for the white count may be accepted as being correct

to within 5 per cent.

The leucocyte count of the jugular blood of the horse is very
variable, not only between individuals, but also in the same animal.
The lowest count recorded for an animal in apparent good health is

slightly over 5 x 103
,
whereas the highest count for a similar animal

is somewhat short of 20 x 10 3
.

On the whole, the count for individual animals does not vary
very much from day to' day, mare No. 11727, Table IV, being an
example of this. But over longer periods the variation may be quite
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considerable, as is also shown bv the figures for mare No. 11727.
The variation from hour to hour on the same day is also slight
as a rule, as is shown by No. 11125, Table 1Y, on 15th October, 1920.
But marked variations have been noted sometimes, e.g. horse No.
13312, Table II, had a leucocyte count of 8 x 103 on the 22nd July,
1920, and of 11.5 x 10 s on the 23rd July, 1920.

During this work a large number of observations were made
to try and find out which factors are responsible for the variations
in white counts of jugular blood, observed in healthy horses. The
results are very shortly considered under the following headings:—

(a) Food and Water.—Some of the results are given in
Graph W. I. The data here are as contradictory as those obtained for
the red corpuscles. Horses Nos. 11125, 11725, 10218, and 11027 show
an increase in the leucocyte count of jugular blood after a drink of
water, whereas horses Nos. 13943 and 13946 show a decrease.
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Horses .Vos. 11125, 13943, and 13946 show a decrease in count after
food, whereas horses Nos. 11027 and 13178 show an increase. Many
similar results, not recorded, were obtained. Experiments will be
undertaken in the future to determine the influence of food and water
upon the white count, as the observations to date gave such very
contradictory results, and seem to suggest that in the horse digestive
leucocytosis does not occur.

It may be pointed out here that all the animals figuring in the
tables were fed at 7 a.m., 12 noon, and 5 p.m. excepting where other-
wise stated. It will be seen, however, that the count for the same
animal two to three hours after food may be as high as 16.4 x 10 3 one
day, and as low as 11.2 at the same hour six days later (No. 11727,
Table IY, 22nd and 28th December, 1920).

The results so far may be summarized as follows:
—“No con-

sistent change in leucocyte count of jugular blood has been observed
in the horse in connection with food or water.”

(b) E.vercise .—The results for one animal (No. 11144. Table
III) are recorded, and graphically represented in Graph W. II.
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Several observations of a very similar nature were made in the

course of the present work, and the figures given may be accepted

as typical. By referring to Graph W. II it is seen that fast work
always results in an increased leucocytes count in jugular blood,

Graph W. 11,
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whereas slow work (walking,) sometimes results in no change, but
occasionally in an increase. This animal was always saddled before
blood was taken and immediately after the return blood was again
taken

.



528

(c) Ear and Jugular .—Some of the results are recorded and
represented in Graph W. III. These results are as contradictory
as those obtained with food and water, and no conclusion could be
arrived at. The ear white count is generally less than the jugular
white count.

The result so far discussed gave no explanation of the variations
in leucocyte count, excepting- those variations observed during
exercise. In order to observe the influence of technique, the follow-
ing experiments were undertaken :

—
Without slapping the ear, a small puncture was made in its point.

X small amount of blood often came from this wound, but more
often no blood came. In order to obtain a specimen of blood through
this wound one of two methods was adopted : (1) the ear was firmly
squeezed at the base till sufficient blood could be obtained, or (2)
blood was squeezed out of the apex of the ear by applying great
pressure near the apex.

A few of the results, regarded as typical, are recorded in the
following table:—

Horse No. 9882, Leucocyte Counts in Blood from.
The jugular vein 12.4 X 10 3 14.2 x 10 3

The ear, ordinary technique 11.3 X 10 3 13.7 x 10 3

The ear, squeezed at base 7.4 X 10 3 8.4 x 10 3

The ear, squeezed at apex 14.3 X 10 3 21.4 x 10 3

These figures show how much the technique may influence the
results, and how necessary it is to adopt a uniform method of taking
blood from appendages. With a big puncture the blood is obtained
without squeezing, and is probably blood as it exists in the capillaries

and venules. With a small puncture the blood has to be squeezed
out, and the figures show that the point at which the pressure is

applied is all-important.

When pressure is applied at the base of the ear, it takes some
little time till the blood conies, and when it does come it is very
thick. When the apex is squeezed hard, blood conies at once, and
appears more like serum than ordinary blood. The essential difference

between the two processes is that in the former blood comes slowly
under a gentle pressure, whereas in the latter the blood is rapidly
forced out of the apex under great pressure. With the basal pressure

there is an opportunity for the white cells to adhere to the vessel

walls or even to migrate into the tissue spaces, whereas with pressure

at the apex the cells are forcibly detached from the vessel walls,

or even squeezed out of the tissue spaces and lymphatics.
The figures for the leucocyte count for the ear and jugular

sliow that, generally speaking, the ear count is lower than the

jugular count, but the reverse result is by no means uncommon.
It is probable that the influence of the circulation itself is as

marked upon the concentration of the white as of the red cells.

But the data show that white cells apparently cling to the vessel

walls in the capillaries, and are thus often held back when blood is

drawn from a peripheral area. On the other hand, undue pressure

near the puncture may detach the leucocytes from the vessel walls

and thus cause their undue concentration in the blood coming from
the puncture.

This supposed clinging of the leucocytes to the vessel walls
furnishes a ready explanation of the fact that their number in
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jugular blood is increased by exercise. The rate of circulation

becomes increased during exercise, and the leucocytes thus have less

chance of becoming attached to the capillary walls, and when
attached, may even be torn away again by the blood current.

We may finally conclude that exercise does alter the distribution

of the leucocytes in the circulatory system of the horse, causing an
increase in number of jugular blood, but that the influence of food
and water is not clearly shown by the data obtained. When blood

is taken from an appendage, it is important to have a large puncture,
and to obtain blood, if possible, without squeezing

.

Differential Counts .—The counts were always made diagonally
across the smears (made as described). The advantage of this is

that faulty distribution is at once detected, if present. In the case

of faulty distribution a control smear was used for preference. But
even if the distribution is faulty, by making two counts along the
two diagonals, a fairly correct average is obtained.

The number of cells counted depended upon the distribution.

With a regular, distribution 200 cells were counted, but when the
distribution was irregular not less than 400 were counted, often as
many as 1000. With the smears made specially for the differential

count the distribution was seldom very irregular.

The counts were recorded in one of two ways :
—(a) On a sheet

specially printed for the purpose. A specimen of this sheet explains
itself. The special advantage of this sheet is that it shows at a
glance if the distribution was regular. An actual count recorded
on such a sheet is given, and brings out this special advantage clearly.

The drawback to the sheet is the summing up that has to be done
after each count, and the care one has to exercise in noting down
the results.
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(b) Where a large number of counts have to be made it is a

great advantage to have an assistant to note down the results in the

following manner :
—

Donkey No. 28, aged, Gelding.

Total. Average.

Lymphocytes xxxxx xxxxx xxxxx xxxxx xxxxx 50 1

xxxxx xxxxx xxxxx xxxxx XXX 1

1

48
} 49

J

Monocytes 11111 5 1

111 — — — — 3
y 4

J

Neutrophiles xxxxx xxxxx xxxxx xxxxx 11 4-2 1
y 42

xxxxx xxxxx xxxxx xxxxx 11 42 J

Eosinophiles 111 - - - - 3
1 4

11111 — — — — 5 J

Basophiles - - - - - 0

1 1

11 — — — 2 J

After a very short experience the assistant can always say
exactly when 100, 200 or more cells have, been counted, and then
the summing is a very easy matter. This way of recording the
results does not bring out faulty distribution so clearly as the first

way, but it enables an observer to make many counts in a relatively

short time.

A very large number of differential counts are recorded in the
various tables. The figures show that the proportion of the various
leucocytes present in horse blood may vary considerably between
animals, and also in the same animal from time to time. In the
following table the extreme figures obtained are given :

—
Lymphocytes
Monocytes
Neutrophiles
Eosinophiles
Basophiles

Maximum 50

„ 9

„ 62

„ 15

„ 3

Minimum 25

„ 0

„ 34

„ 1

„ 0

The following are the average figures obtained for several horses
in each of the various classes, the figures being given to the nearest
whole number:—

L. M. N. E. Ba.
Stabled horses 36 4 54 5 1
Medium horses 39 4 52 4 1
Fast working 40 5 50 4 1

Average 38 4 53 4 1

The above figures show that although the variations may be
great between individuals, yet there is very little difference in the
average figures obtained for the various classes

;
from which we

conclude that work does not influence the differential count to any
appreciable extent in horses. If a few of the extreme cases be left

out of account, it is seen that in the healthy horse the percentage of

—

Lymphocytes may vary from 30 to 45
Monocytes ,, ,, 2 to 8
Neutrophiles ,, ,, 45 to 60
Eosinophiles

,, ,, 3 to 9
Basophiles ,, ,, 0 to 3
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Tlie cause of the variations is not clear, and with the exception
of the eosinophiles, it was impossible in any set of experiments to

influence the proportions of the cells in any definite way. Varia-
tions were observed after the animal had been treated in different

ways, but these variations were as often an increase as a decrease
in a certain element.

With the eosinophiles a marked increase was observed on certain
occasions, when the animal was first starved and then given food or
water. These results are recorded in Graph W. IV. In every case
the increase followed a drink of water. There is no information
available to show how this eosinophilia is brought about, but it is

probable that it is the result of the mechanical alteration of the
circulation.

Graph W. IV.
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Section VI.

(a) LEUCOCYTES OF THE DONKEY AND MULE.

The leucocytes of the donkey and mule resemble those of the

liorse very closely. The following slight differences have been noted :

(1) The nucleus of the neutrophile is as a rule more complex than
in the horse, and lobulation is often very distinct; (2) the granules
of the eosinopliile and basophile are smaller than in the corresponding
cells of the horse. In Plate III, figures 15 and 12, the cells of the

horse are given, 16 and 13 those of the mule, and 17 and 14 those of

the donkey.
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The differential count for the blood of the donkey varies from
that of the horse as follows : (1) The percentage of lymphocytes is

increased, and that of the neutrophiles decreased. The following
is the average obtained for donkeys:—

Lymphocytes 53
Monocytes 4
Neutrophiles 34
Eosinophiles 8
Basophiles 1

It is seen that the figures for the lymphocytes and neutrophiles
are practically the reverse of those obtained for the horse.

(2) The number of eosinophiles in donkey blood is as a rule

very high. This may possibly be due to gross worm infestation.

Differential Counts for Mules.

The first mules observed showed differential counts somewhat like

those of horses (Table VII, 29/3/21 till 12/10/21). Some of the
animals observed later again showed differential counts like those of

donkeys.

The following summary
counts of mules :

— is given for the average differential

First results (29.3.21

L.
to

M. N. E. Ba.

12.10.21) ... 41 3 49 6 1
Later results (A) ... 52 3 39 6 1
During November (B) ... ... 32 3 61 4 —

The animals in group A were inoculated against anthrax at the
end of August, whereas those in group B had slight injuries. This
change in the differential count may be a mere coincidence, but may
be a remote result of the anthrax inoculation.

(b ) DIFFERENTIAL COUNTS OF MARES BEFORE AND
AFTER FOALING. (TABLE V.)

During the early part of gestation the differential counts for

mares seems to be very like those of other horses, as is shown by the
figures for mares Nos. 14465, 14479, and 14486, on the 27/10/21
(Table V). It was not possible to observe any more mares in this
state.

Just before foaling1 the differential count changes very much in
some mares, e.g. mare No. 13836 showed a marked neutrophilia (70
per cent.). The same change is observed in mares just after foaling,
e.g. mare No. 92 showed a neutrophile count of 72 per cent. The
number of animals that came under observation are too few, however,
to draw any conclusions.

Differential Counts of Foals.

Every f'oal observed showed a marked neutrophilia (+ 80 per
cent.) shortly after birth. This neutrophilia did not persist for a
long time however, and had disappeared in every case when the foal
was 2 months’ old. Although the number of observations are few,
the results are so consistent that it seems legitimate to conclude that
the figures obtained are typical, and that newly-born foals always
have a high neutrophile count.
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Section VII.

SUMMARY.
Tlie mail! conclusions arrived at during the present work may be

summarized as follows :
—

1. In work on the blood of horses the centrifuge results are far
more valuable than the results obtained by the counting chamber,
because for any given sample of blood the former gives constant
results, whereas the latter gives results that vary considerably.

2. The erythrocyte count for healthy horses can be calculated by the
percentage volume of red cells ,formula : —

2

—_— = numbers per c. mm. in
4'35

millions. This calculated count is generally more accurate than the actual

count, as the constant 4*35 is the average for a large number of observa-
tions.

3. The “volume colour index” (=-— leading—

)

for the horse
centrifuge reading

varies from 1*5 to 2'2. This volume colour index, for certain investi-

gations, is far more useful than the conventional “number colour index.”

4. Regular exercise has a remarkable influence upon the percentage
’volume or count of the red cells in horses. Racehorses in full

training may have a percentage volume or co unt of red cells three times
as high as stabled animals.

5. In a healthy young horse with a low percentage volume or count
of red cells, regular exercise results in a marked increase in as short

a time as five weeks; the reverse change with idleness is slow.

6. The influence of altitude, sax, age, or breed upon the percentage
volume or count of the red cells in horses is very slight compared to

the remarkable influence of regular exercise.

7. No marked or constant changes were observed in the percentage
volume or count of the red cells of the jugular blood of horses with
such factors as moderate starvation or thirst, food, water, and
moderate exercise.

8. The rate of the circulation is a very important factor in the

distribution of the red cells; a sluggish peripheral circulation results

in a concentration of the red cells in the periphery and the reverse

in the jugular vein. The distribution of the red cells is most uniform
during vigorous exercise.

9. The leucocyte count is not influenced by work, but exercise

causes a more uniform distribution of these cells, generally resulting

in an increase in number for jugular blood.

10. When blood is taken from the periphery for the white corpus-

cular count, the technique is the all-important factor; variations in

technique may give rise to data differing by as much as 3 to 10 x 10 3
.

11. (a) The differential count of the leucocytes for horses is not

influenced in a constant or in a marked way by such factors as

moderate thirst or hunger, food or water, and moderate exercise, (b

)

but it is noteworthy that in most cases a draught of water following

a period of thirst results in an increased number of eosinophiles in

the jugular blood.
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12. The foals that came under observation shortly after birth

(and also the mares just before and after foaling) had a remarkably
high percentage of neutrophiles. The differential counts for these

anjmals, when they remained healthy, was normal after two months.

13. Donkeys have a differential count for the leucocytes which
differs in a remarkable way from that of horses, (a) the figures for

the lymphocytes and neutrophiles are reversed, (b) the eosinnpliile

count is nnich higher.

14. Comparative data for differential counts.

L. M. N. E. B.

Adult horses

—

Extreme variations 25—50 0-9 34-62 1-15 0-3
Average variations 30-15 2-8 45-60 3-9 0-3

.Iverage for

—

(a) Stabled horses 36 4 54 5 1

(ft) Fast working horses 40 5 50 4 1

(4 Other iiorses 39 4 52 4 1

Groups (a), (5), and ( c

)

38 4 53 4 1

Mares, at and after foaling ± 20 ± 4 ± 70 ± 4 ±1
Mares, three months after foaling Normal Normal Normal Normal Normal

Adult donkeys, average 53 4 34 8 1

Adult mules, average 41 3 49 6 1

Foals, at birth ± 10 ± 85 — —
Foals, 3 months old Normal Normal Normal Normal Normal

Section YIII.

DISCUSSION.

As was stated before, it was impossible to find much about normal
blood of horses in the literature. Sometimes references to certain

works were traced, but moye often than not the works themselves

could not be obtained in South Africa. It is therefore not possible

to give a complete list of figures obtained by other authors.

The following tables are taken from Burnett, and give the figures

obtained by some authors :
—

Table I.

Red Corpuscles per
c. mm. in 10 6

.

Leucocytes per
c. mm. in 10 3

.

Haemoglobin
per cent.

Specific
Gravity.

Sire of Red
Corpuscles in jU’s.

Author.

.11-0 Ridault.— — — 5 * 5 Gulliver.
7-4035 9-50 — 5-58 Havem.
6-300 — — 5-5 Maiassev.
7-95 8-50 — — Meier.
7-198 12-0 65 — 5-78 Mikrukow.
7-944 5-625 94 — — Moore, Harding*

and Cady.
7-00 15-00 • — — Prus.
7-639 1 10

• 460 — — — 1
Storch.9-390 2 14-034 .

- — — /
7-2125 — — 1 060 5-8 Sussdorf.
7-215 — — — — Trashof.
8-450

1 adults.
2 colts.

' ‘ Wendelstadt und
Bleubtreu.
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Table II.

Leucocytes
per c. mm.

Percentage of Varieties.

Author.

L. M. N. K Ba.

11,000
)

37 57 5 Bidault.— 34 -33 60-65 1-2 — Cozette.— 22-5 5-5 67 5 — Fischer.

8,500 30 3-5 63-5 3 — Meier.
5,625 30 6 59 4 1 Moore, Harding,

and Cady.

Two of the above authors found 5.5 p as the diameter for the red
corpuscles of horses, whereas two others found 5.8 p.

The red corpuscle counts found by these authors are remarkably
constant. One may explain this uniformity by assuming that all the

above authors worked with horses that were move or less of the same
class. The extreme variations obtained in the present work were
apparently not observed by them.

Frei (1909), working at Pretoria, found that the percentage, volume
of the red corpuscles of healthy horses varied between 22 and 43
(approximate red counts of 5 to 10 x 10 6

). These figures are very
much like those obtained in the present work. The horses Frei kept
under observation were those that came in for horse-sickness experi-

ments, and the probability is that amongst these there were some
animals used to hard fast work, and others unused to any work what-
ever. Frei does not seem to have observed the remarkable connection
between exercise and the percentage volume of the red corpuscles. Frei

also relied more upon centrifuge readings than upon red counts, and
actually used centrifuge readings for calculating the red counts.

The ratio obtained by Frei is 4.7 or about 8 per cent, higher than
was obtained in the present work.

Only a f'ewT of the recent works on liorse blood could be consulted,

and these all deal with pathological blood states. In such works no
mention whatever is made of the influence of fast work upon horse

blood. It would thus appear that the extraordinary differences some-
times observed between the red counts of different horses have not in

the past been ascribed to the nature of the exercise the animals have.

In the various textbooks on physiology and blood (mostly dealing
with the human subject) the influence of exercise upon the red count
is not mentioned—at any rate, no stress whatever is laid upon this.

It is generally accepted that variations occur with the “ mode of

life,” but whether these variations are entirely due to change of food,

or to change of exercise, does not appear to be clear.

Many workers on human blood have found that “ robust ” indi-

viduals have a higher red count than other people, whereas fat

individuals generally have a lower count. It is also stated that

children as a rule have a higher count after than before vacations.

Is it not possible that these changes are due to changes of exercise

rather than to other factors?

It is not intended to discuss this matter any further. Nowhere
could any work be found in which the relation between work and blood
count is considered.
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Table II above gives the differential counts obtained by some
authors for the leucocytes of horses. These authors obtained some-
what higher neutrophile and somewhat lower lymphocyte counts than
were obtained in the present work. This may possibly be due to the

way the smears were made. An interesting paper by Stephens,

Torke, Blacklock, Macfie, Cooper, Forster, and Carter (1921) deals

with the distribution of the leucocytes in smears made in the ordinary
way. These authors showed that in smears made in the usual manner
there is a relative concentration of mononuclear cells in the central

regions. It is quite possible that the high neutrophile counts recorded
in Table II above may be due to the way the smears were made.

So far no work dealing with the blood of the donkey or mule
has been found, and it is therefore not possible to say if the interest-

ing differences between the blood of these animals and that of the

horse are well known.

It is not intended to discuss the literature any further. The
present work is concerned mainly with the influence of exercise upon
the red count of horse blood, and it was impossible to find any work
dealing principally with this.

My thanks are due to the Director and Acting Director of

Veterinary Education and Research for the facilities given me in this

work, and to my colleagues for their valuable criticisms.

(Note.—For explanation of tables see page 556.)
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Table I.

Horses.—Clinically’ Healthy-.

No. or Name.

3055.—Animal does fast work,
fairly heavy

Average

13439 (M. 7).—This animal was
out at grass for about, two
months, but after 14.10.20 was
not allowed out of the stable

again

Average.

12312.—Animal doing hard fast

rvork

Average

11284.—Animal doing hard fast

work

Average,

13526

Average,

13812

Average

13813

Hb.
Size of R.C.

R.P.
Date. R.P. Hb. R.C.

R.P. La. Av. Sm. R.C.

13. 7.20 48-5 6 5-4 4 11-5 4- • 9.9.

14. 7.20 48 — — 6 5 4 4 11-4 4-21

— 48-25 - - - 5-4 - 11-45 4-21

17. 7.20 35-5 6 5-5 4-2 8-3 4-27
14.10.20 44 79 1-79 6-2 5-4 4 10-2 4-31
15.10.20 42 69 1-64 6-2 5-5 4 9-8 4-29
18.10.20 36 59 1 -64 — — — 8-3 4-34
20. 10.20 40 64 1-6 — — — 9-5 4-21
22.10.20 37 59 1-6- — — — 8-5 4-35
25.10.20 44 73 1-66 — — — 10-1 4-35
27.10.20 42 73 1-74 — — — 9-9 4-24
29.10.20 37 57 1-54 — — — 8-4 4-40

1 . 11.20 37 66 1-78 — — — 8-5 4-35
3.11.20 32 57 1-78 — — — 7-7 4-16
8.11.20 35 57 1-63 — — — 8-1 4-32
10.11.20 35 63 1-8 — — — 8-2 4-39
12.11.20 34 57 1-68 — — — 8-1 4-20
15.11.20 33 55 1-67 — — — 7-95 4-15
17.11.20 30 55 1-83 — — — 7 4-28
19. 11.20 29 52 1-76 — — — 6-8 4-26
22.11.20 29 52 1-76 — — — 6-7 4-33

— — — — — 5*5 — — 4-29

19. 7.20 38-5 75 1-96 7-2 5 • 5 4-8 9-1 4-23
20. 7.20 41-5 83 2-01 7 5 • 5 4-6 9-6 4-32
21. 7.20 36 • 5 74 2-03 7-2 5-5 4-4 8-8 4-15
22. 7.20 38 79 2-02 7-2 5 • 5 4-4 8-96 4-24
23. 7.20 37 79 2-11 7 • 2 5-5 4-4 8-8 4-20
24. 7.20 37-3 77 2-06 7-2 5 • 5 4-4 8-9 4-19

— — - - — 5 * 5 — — 4-22

26. 7.20 34-5 72 2-08 6-4 5-4 4 7-4 4-66
27. 7.20 33-5 74 2-21 6-4 5-4 4 7-4 4-53
28. 7.20 33 64 1-94 7-2 5-4 4-8 7-6 4-35

29. 7.20 32-5 70 2-12 7-2 5-4 4-8 7-6 4-28
30. 7.20 34-5 81 2-34 7-3 5-7 4-8 7-4 4-66

— — — - — 5-41 — - 4-49

27. 7.20 30 58 1-93 6-4 5-4 4 7-2 4-16
28. 7.20 28-5 55 1-93 7-2 5-5 4-6 6-7 4-25
29. 7.20 32 54 2 7 5-5 4-8 7-4 4-32
30. 7.20 30 64 2-13 7-2 5-5 4-8 6-9 4-35
1. 8.20 30-5 — 2-23 7-3 5-7 4-8 6-8 4-48

— — — — — 5 • 52 — — 4-31

3. 8.20 32-5 74 2-23 6-4 5-7 4 7-2 4-51
4. 8.20 32-5 74 2-23 6-8 5-6 4 7-3 4-45
5. 8.20 33 75 2-27 6-6 5-6 4 7-3 4-52
6. 8.20 36 — — 6-4 5-6 4-8 8 4-5

— — — — - 5-62 - 4-49

3. 8.20 33 75 2-27 6-4 5-6 4-6 7-6 4-34
4. 8.20 33-5 77 2-3 6-6 5-4 4-4 7-7 4-35
5. 8.20 34 — — 6-6 5-6 4-4 7-5 4-53

6. 8.20 35 74 2-11 6-6 5-6 4-4 8 4-37

- - — — — 5-55 — — 4-4T1Average
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No. or Name. Date. R.P. Hb.
Hb.

SL

La.

e of R.C.

Av. Sm.
R.C.

R.P.

R.P. R.C.

13810.—This animal had been in 7. 8.20 28 55 1-96 '

7 5-4 4 6-4 4-37
stable for months 9. 8.20 28-5 58 203 7-2 5-5 4-4 7 407

10. 8.20 27-5 65 2 7-2 5-5 4-4 6-3 4-36
11. 8.20 25 52 2-08 7-2 5-5 4-4 6 4-17
12. 8.20 24 52 2-17 7-2 5-5 4 5-25 4-57
13. 8.20 25 55 2-2 7-2 5-5 4 6 4-17
14. 8.20 25 50 2 7-2 5-5 4 5-9 4-24
16. 8.20 24 52 2-17 7-2 5-5 4 5-8 4-14

Average — — - — - 5 • 5 — - 4-26

13823.—This animal did slow 10. 8.20 30-5 57 1-87 7 9. 5-4 4 7-8 3-91
scotch cart work 11. 8.20 31 59 1-93 7 5-4 4 7-8 3-97

Average - — - — - 5-4 — — 3-94

13838.—Animal at pasture 10. 8.20 30 58 1-93 6 5-5 4-2 6-8 4-41
11. 8.20 29-5 58 1-97 6-3 5-4 4-2 6-8 4-34

Average - - — — — 5-45 — — 4-37

11 U4.—Saddle horse ridden very 13. 9.20 36 75 2-08 8-4 4-29
hard between Pretoria and the 15. 9.20 38 77 2-03 — — — 8-7 4-36
Laboratory almost every day. 10. 9.20 40 77 1-92 — — — 9-1 4-39
When not in work the animal 17. 9.20 35 70 2 — — — 8-2 4-26
was let out during the day, but 20. 9.20 35 68 1-94 — — — 8-3 4-22
always stabled at night 22. 9.20 35 66 1-88 — — — 7-9 4-43

23. 9.20 35 70 2 — — — 7-8 4-48
24. 9.20 35 65 1-86 — — — 7-7 4-55
25. 9.20 35 65 1-86 — — — 7-8 4-48
27. 9.20 35 65 1 86 — — — 7-7 4-55
30. 9.20 37 67 1-81 — — — 8-1 4-57
11.10.20 40 77 1-92 — — — 8-9 4-49
22.10.20 40 70 1-75 — — — 90 4-44
26.10.20 46 80 1-74 — — — 10-5 4-38
30. 10.20 38 68 1-8 — — 8-8 4-32
2.11.20 38 62 1-63 — — — 8-9 4-27
4.11.20 40 66 1-65 — — — 91 4-39

138f>0 (F. 7).—Stabled animal.. 1.10.20 27 55 204 6-3 5 • 5 4-2 6-4 4-22
2.10.20 30 58 1-93 6-3 5-5 4-2 6 • 55 4-59
5.10.20 30 57 1-9 6-3 5-5 4-2 6-55 4-59

Average - - - — — 5 • 5 4-47

13854.—Animal from veld for 1.10.20 30 59 1-97 7-2 5-4 4 7 4-29
horse-sickness immunization 2.10.20 32 59 1-84 7-2 5 • 4 4 7-1 4-51

5.10.20 29 55 1-9 7-2 5 • 4 4 6-9 4-2

Average - - - - - 5-4 - - 4-33

13857 (G. 6) 11.10.20 30 55 1-83 7 5-4 4 7-1 4-22
13.10.20 30 54 1-8 7 5-4 4 7-2 4-17

Average - - - - - 5 4 - — 4-20

11775.—This animal had been 16.11.20 23 45 1-96 5-4 5-2 4-42
stabled for months and never
let out

13859 (G. 8).—Animal from veld 8.10.20 30 35 1-83 6-8 4-4 6-9 4-35
for horse-sickness immunization
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Hb.
Size of R.C.

R.P.
No. or Name. Date. R.P. Hb. R.C.

R.P. La. Av. Sm. R.C.

13886 (G. 6).—Basuto pony used
as riding horse, and used to very

29.10.20 47 66 1-4 - - - 10-8 4-35

heavy work under the saddle

11125.—Animal doing slow work 13.11.20 34 51 1 -5 8 4-25
23.11.20 35 50 1-43 — — — 7-9 4 43

Average V- — — — — — — — 4-34

11111.—Doing slow work 23.11.20 30 57 1-9 - - - 6-9 4-36

11725.—Horse used frequently in

a cart
24.11.20

(2/0)
34 57 1-7 - - - 8 4-25

26.11.20
(10-0)

39 64 1-64 9 4-33

27.11.20
(9-0)

34 55 1-62 7-9 4-3

Average 4-3

10218.—Used for hard fast work 26.11.20
(9-0)

44 66 1-5 - - - 10-2 4-31

27.11.20
(9-30)

37 61 1-65 8-4 4-41

Average — — ~ — — — — — 4-36

11027.—Used in cart occasionally 26.11.20 30 50 1-56 7-8 41
27.11.20 34 55 1-62 — — — 8 4-25

Average 4-18

13912.—Horse used to hard fast 28.12.20 42 74 1-76 9-9 4-24
work

13913.—Veld animal 3. 1.21 30 55 1-83 7-6 4

5. 1.21 30 55 1-83 — — — 7-5 4

Average 4

13914.—Veld animal 3. 1.21 37 70 1-89 __ _ 8-8 4-2
5. 1.21 35 68 1-94 — — — 8 4-37

Average — — — — — — — — 4-29

13963.—Veld animal 14. 1.21 31 55 1-77 - - - 7-6 4-1

14147.—Veld animal 23. 2.21 33 59 1-79 — — — 7-9 4-18
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Table II.

Stabled Horses.

No. or Name. Date. Time. R.P. R.C. WC.
;

1

L. M. N.
|

E. Ba.

18816.—Gelding. This 7. 8.20 _ 28 6-4 _ _
animal had been 9. 8.20 — 28-5 7 — — — — — —
stabled for months 10. 8.20 — 27-5 6-3 — — — — — —

11. 8.20 — 25 6 — — — — — —
12. 8.20 — 24 5-25 13-5 27 1 62 9 1

13. 8.20 — 25 6 — — — — — —
14. 8.20 — 25 5-9 — — — — —
16. 8.20 — 24 5-8 12-5 25 3 62 "8 —

13850.—Gelding(7 years). 1.10.20 __ 27 6-43 12-5 35-5 5 55*5 • 3-5 5
This animal had been 2.10.20 — 30 6-55 — — — — — —
stabled for months 5.10.20 — 30 6-55 9 35 7-5 55 2-5 —

11775.—Gelding(4years). 16.11.20 — 23 5-2 12-3 40 5 50 4-5 •5

This animal was
stabled for months,
and on the 16th
November received
lOc.c. of G.P. blood
rich in T. Brucei

19.11.20 23 5-2 12-5 44 5 46-5 4-5

51.—Private horse. This 9.1 9 91 10-30 18 4 9-5 35-5 6 58 •5

animal was stabled 26. 2.21 9-15 17 3-9 10-2 34 4 54 7 1
1. 3.21 9-30 20 4-2 10-3 37 5 54 3 1

13594.—Stabled animal 8. 4.21 12/0 26 5-91 7-5 41 6 46 6 1

13970.—Stabled animal 8. 4.21 12/0 30 — 15-2 26 4 65 4 1

13200.—Stabled animal 12. 4.21 8-45 28 - 9 44 4 49 3 —
13178.—This animal had 8. 4.21 12/0 26 — 10-6 32 3 59 4 2

been in the stable for 12. 4.21 8-45 27 — 8-2 31 3 64 1 i

some months when 11-0 28 — 10 28 1 62 7 2
the observation began

.

12. 4.21 12-30 25 — 8-6 32 2 60 7 1

Starved from evening 13. 4.21 10-0 30 — 9-9 26 2 64 8 2
of 11th, but water 14. 4.21 9-30 29 — 9-2 25 4 61 8 2
ad. lib. on 12th, at 16. 4.21 9-30 28 — 8-5 31 2 61 4 2
10-30, 1 grm. arsenic 18. 4.21 9-30 30 — 10-2 28 3 63 5 1
was given in a small 10-30 30 — 9-6 29 3 64 4 —
feedofmealies. Starved 12/0 30 — 12-2 25 2 64 7 3
from evening of 19. 4.21 10-30 27 — 131 38 5 49 7 1
21.4.21, and treated 21. 4.21 10-30 27 ' 10-3 32 2 57 8 l

as above with 2 grms. 22. 4.21 8-45 28 — 8-5 25 3 67 4 1

arsenic at 10/20, 10-45 26 — 10 24 2 68 4 2
22.4.21. This animal 11-45 28 — 11 32 3 60 5 0
had an injured leg

—

and this probably
accounts for the high
ueutrophile count.

23. 4.21 9-45 29 11-5 25 2 65 3 1

The following horses are very old animals that have not done any
work for very many months, they are fed and stabled during the night,

but allowed out during the day. These animals are so lifeless that they
do not gallop about like younger horses, and in consequence they may be
considered as stabled animals for all practical purposes.

Animal No. Date. Hb. R.C.

10.—Mare 1 . 7.21 45 5-66

9.- Gelding 30. 6.21 52 511
15. 7.21 55 6-36

12808.—Gelding 29. 6.21 48 5-75
15. 7.21 45 5-56

11505.—Gelding 27. 6.21 44 604
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Additional animals :

—

No. or Name.

'

Date. R.P. Hb.
Hb.

R.C.
R.P.

R.P. R.C.

A. 57 31.10.21 23 50 2-17 5-4G 4-21

The above anima has been constantly stabled.

14072 31.10.21 25 50 2 6-22 4 02

14343 31.10.21 28 54 193 6-68 4-17

The above two animals have been kept in picket lines for some months.

Table III.

Note .—All the horses in the following table were doing fast work during

the time that the observations were made. The conditions were varied in a

good many instances.

No. or Name. Date. Time, R.P. R.C. W.C. L. M. N. E. Ba.

13055.—Gelding 13 7.20 - 48-5 11-5 17 _ _ _ _
14 7.20 48 11-4 15 — — — — —

12312 19 7.20 38-5 9-1 10
20 7.20 — 41-5 9-6 8 — — — — —
21 7.20 — 36-5 8-8 8 — — — — —
22 7.20 — 38 8-96 8 — — — —
23 7.20 — 37 8-8 11-5 — — — — —
24 7.20 — 37 3 8-9 12 — — — — --

11284.—Gelding 26 7.20 34-5 7-4 12-2 43 6 47 3 1
27 7.20 — 33-5 7-4 12 40 3 53 4 0
28 7.20 — 33 7-6 11-5 — — — — —
29 7.20 — 32-5 7-6 12 — — — — —
30 7.20 34-5 7-4 9-6 — — — — —

11144.—raiding horse 13 9.20 36 8-4 13-9 38 5 52 5
(mare) 15 9.20 — 38 8-7 13-4 — — — — —

16 9.20 — 40 9-1 13-3 — — — — —
17 9.20 — 35 8-2 14 40 3 50 7 —
20 9.20 — 35 8-3 10-9 — — — — —
22 9.20 — 35 7-9 — — — — — —
23 9.20 — 35 7-8 — — — — — —
24 9.20 — 35 7-7 — — — — — —
25 9.20 — 35 7-8 — — — — — —
27 9.20 — 35 7-7 — — — — — —
30 9.20 — 37 8-1 14-8 37 4 54 4 1

11 10.20 — 40 8-9 — — — — — —
22 10.20 — 40 9 12-9 39 4 53 3 1

26 10.20 — 46 10-5 — — — — — —
30 10.20 — 38 8-8 — — — — — —
2_ 11.20 — 38 8-9 — — — — — —
4 11.20 — 40 91 — — — — — —
11 1 1 .20 — 35 8-4 10-9 47 5 42 5 1

9 25 2.21 9-20 Anima l bled and th en ridd en ver v hard for fo ur

ra iles an d back Ble 1 on re turn at 1/10.
9-20 37 8-4 91 38 3-5 53-5 4 i

1/10 37 8-5 9-6 37-5 2 54 5 5
4 3.21 10-0 Bled and ri dden v ery ha rd for four in iles an d

back. Bled o n retu rn at 2/30.
10-0 38 8-6 8-5 39 1-5 52-5 6-5 1-5

2/30 39 9 9-7 46-5 2-5 47-5 3-5 —
14 3.21 9-10 Bled and ri dden s lowly f or four miles and ba ck, at

a fast rate. Bled o n retu rn at 1/0.
9-10 39 8-8 10-3 43 3 45 8*5 • 5

1/0 38 8-7 11-3 42 2 52 3 i

2/0 38 8-6 9-9 41 4 49 5 i

18 3.21 As on 4.3.21
9-10 — — 8-3 47 2 49 4 —
12/45 — — 10-7 40-5 3 51 4 • 5

24 3.21 Bled a nd rid den slo

return.
wly for fourm iles an d back . Bled on

9-10 37 8-4 9-4 39 3 53 4 i

12/45 37 — 10-2 40 2-5 52 5 5
31.
7.

3.21
4.21 ^As on 4.3.21
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No. or Name. Date. Time. R.P. R.C. w.c. L. M. N. B. Ba.

11144.—Riding horse 31. 3.21 9-0 33 9-5 _ _
(mare)

—

contd. 12/45 34 — 11-7 — — — — —
7. 4.21 8-40 37 — 11-7 — — — — —

12/30 37 — 14-2 — — — — —
14. 4.21 Bled a ml rid den fa st for fourm iles, an d slow ly bac k.

8-20 36 9-2 — — — — —
1/0 35 — 12-6 — — — — —

22. 4.21 Bled a nd rid den fo r eight miles at a m edium pace.
8-30 42 — 10-9 — — — — —
12/45 39 — 10-9 — — — — —

28. 4.21 Bled a nd rac ed for four m iles an d back
9-0 37 — 8-8 — — — —
1/0 39 — 12 — — — — —

13886.—-Riding horse. 29.10.20 47 10-8 10-5 34-5 2-5 60 2 1
Six years.Basuto pony. 30.10.20 — 35 — 10-1 31 4 60 4 1
This horse was sent in 24.11.20 — 41 — 11-25 38 4 51 3 3
for horse-sickness 26.11.20 — 43 — 8-8 37 2 57 2 2
immunization. The 30.11.20 — 38 — 15-9 28 3 68 1 —
reaction was very 2. 12.20 — 43 — 9 46 2 46 4 2
slight, and the figures
obtained at the be-
ginning and at the
end of the stav of the
animal at the Labora-
torvmav be considered
as those from a normal
horse

13912.—Riding horse 18.12.20 42 9-9 7-5 —
used for horse-sickness 4. 1.21 — 34 — 7-2 51 2 42 3 —
experiment

1 3946.—This animal was 25. 1.21 8-0 37 7-5 41 3 52 3 i

starved fiom evening 9-0 38 — 9-2 40 2 53 5 i
of 24.1 .21, both food 10-0 37 — 8-6 39 5 51 5 —
and water being with- 10-30 39 — 6-7 38 4 50 7 i

held. On the 25th a 11-0 38 - 8 38 4 49 7 2
small drink was given 11-30 39 — 8-9 39 3 52 6 —
at 9-0, drv grass and 12/0 37 — 8-4 40 4 49 5 2
oats at 10-30, and 1/0 36 — 7-4 41 2 51 5 i
water ad lit', at 1/0 2/0 35 — 7-2 36 4 48 11 i

2/45 36 — 9 37 2 47 12 2
3/30 36 — 9-1 38 2 47 12 i

4/30 33 — 8 34 5 50 10 i

1.—Private horse 25. 5.21 8-0 8-2
1. 6.21 8-0 — 8-3 — — — — — —
8. 6.21 8-0 — 7-9 — — — — — —

15. 6.21 8-0 — 8-1 — — — — —

Note .—Blood was collected from the following private horses for the

purpose of making red counts only. All these horses were doing comparatively

fast work, such as harness work or work under the saddle. The length of time

these animals had been doing fast work is not known, nor is the amount of work
known with certainty, as the idea of the owners varied very greatly about this

question.

Horse No. Date. Red Count. Horse No. Date. Red Count.

1 25. 5.21 8-2 “ B ” 15. 6.21 9-2
i. 6.21 8-3 29. 6.21 8-8
8. 6.21 7-9 18. 7.21 8-1

15. 6.21 8-1 28. 7.21 8
17. 8.21 7-6

Ol 26. 5.21 8-9 14. 9.21 7-4
2. 6.21 8-7
9. 6.21 9 “ X ” 1st week 7-25

16. 6.21 8-5 2nd week 7-05
3rd week 8-12

3 3. 8.21 7-3 4th week 8-5
10. 8.21 6-9 5th week 9
17. 8.21 7-3 6th week 8-92
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Horse No. Date. Red Count. Horse No. Date. Red Count.

4 24. 8.2L 8-2 “ Y .

.

6-86
2nd week 7 12

5 24. 8.21 7-5 3rd week 8
4t,h week 7-9

“ A ” 15. 6.21 8-9 5th week S-3
29. 6.21 8-6 6th week 7-95
18. 7.21 8
28. 7.21 7-8 “ Z ” 1st week 6-36
17. 8.21 7-4 2nd week 6-92
14. 9.21 7 3rd week 7-93

4th week 8-25
5th week 8-3
6th week 8-72

Average differential counts :

—

No. of Horses. L. M. N. E. Ba.

“ X ”.
. . 42 4 56 5 1

(minimum) 37 2 50 2 —
•*

Y

”.... (maximum) 43 4 69 5 1

(minimum) 23 2 48 2 —
“Z ”.... 43 3 54 7 1

(minimum) 39 2 48 2

Animal No. “ Y ” received an injury of the leg during third week.

Horse No. Date. Red Count. Horse No. Date. Red Count.

“ Rl,’ St., 8.... 1 . 7.20 10-6 “ R2,” St., 4.. 1. 7.20 10-7
“ R3,’ St., aged. 1 . 7.20 101 “ R4,” Mare, 2 1. 7.20 111
“ R5,’ Mare, 5.. 7.20 10-5 “ R6,” Mare,

aged
1. 7.20 9-1

In the above six counts the blood used was taken from the ear. In the last set of figures, St. stands
for stallion, and the figure following refers to the age.

Private horses doing hard work observed during a week-end at rest, on a

full working diet.

Time. Red Count.

Saturday morning, 8-0 8-5
Sunday morning, 8-0 8-5
Monday morning, 8-0 81

Additional Racehorses.

Name. Date. Time. R.P. Hb.
Hb.

R.C.
R.P.

R.P. R.C.

Greentop.—Gelding, 9 years old.

This animal had been in training
for over four years, during
which time it won several races

27.10.21 6/20 52 98 1-85 12-5 4 16 Jugular
blood.

Daughter of Seclusion.—Mare, 3
off. This mare was not yet in

training. Had a very lively

disposition, and was ridden

27.10.21 6/20 39 78 1-95 9-5 411

Hare (unnamed), rising 3. This
mare was kept at stable awaiting
training. She had done no work
whatever

27.10.21 6/20 32 65 203 415
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Table IV.

Note .— All the horses in the following table were either at slow work or at

pasture during the period they were under observation.

No. or Name. Date,
j

Time. R.P. R.C. W.C. L. M. N.. E. Ba.

13439.—Marc, 7 years 17. 7.20 - 35 • 5 83 14-4 - - -

The above was taken after the mare had been three weeks in stables. She was subsequently put
to pasture and remained there until about 10.10.20. From 14.10.20 this mare was kept in the
stable and only let out during the day for exercise.

14.10.20 44 10-2 14 38 4 52 5
15.10.20 — 42 9-8 23-2 38 4 50 7
20.10.20 40 9-5 13-2 39 6 51 3

tin the 14tli this mare received 50 c.c. 'l'z. virus. The reaction was very mild, but the figures are
not given, as they show some disturbance through the horse-sickness reaction subsequent to the 20th
The mare was kept under observation, and it was found that on the 22.11.20 the figure for R.P. had com*
down to 29.

13626 27. 7.21 30 7-2 13 40 3 50 6 1
30. 7.21 — 30 6-9 12 5 35 2 57 6 1

13812.—Mare 3. 8.20 32-5 7-2 11-5 42 3 52 2 1

4. 8.20 — 32-5 7-3 — — — — — —
5. 8.20 — 33 7 • 3 31 1 62 4 2
6. 8.20 — 36 8 11 31 1 65 2 i

13813.—Gelding 3. 8.20 — 33 7-6 11 40 4 53 3 —
13823.—Gelding 10. 8.20 - 30-5 7-8 — — — — — —
13854 1.10.20 30 7 13-4 34-5 4-5 54 6 i

2.10.20 — 32 71 10-2 38 r 52 3 —
11125 22. 9.20 30 _

24. 9.20 — 30 7 10-9 34 4 56 6 —
27. 9.20 — 30 6-9 13-2 34 4 6-7 54-3 4-4
29. 9.20 — 28 — — 29 56 58 5 6 8
1.10.20 — 25 — 14-2 26-5 4-5 59 8-5 2
5.10.20 — 30 — 131 28 4 5 49 6 2-2
7.10.20 — 30 — 12-5 40 3 52 3 2

25.10.20 — 31 — 11-8 40 4 52 3 1

27.10.20 — 31 — 11-6 39 3 54 1 3
1.11.20 — 31 12 39 3 51 5 2

13.11.20 — 34 8 10-2 49 6 36 8 1

The animal was last fed on the afternoon of the 13th
;
water was withheld until 2/0 on the 15th.

Food was again allowed at 12/0 on the 15th.

15.10.20 10-0 31 10-2 42 6 47 2 3
12/0 32 — 9-6 40 5 49 4 2
1/0 36 — 9-5 39 5 50 4 o

2/0 33 — 9-45 40 3 50 4 3
3/0 29 — 10-2 39 4 51 4 2
4/0 33 — 11-3 42 5 49 3 1
5/0 36 12-3 47 5 42 6 —

16.10.20 — 32 — 11-5 40 4 50 4 o

23.10.20 — 35 7-9 12-8 38 4 52 5 I

11111 29. 9.20 36 8-9 34 6 53 (» i

27. 9.20 — 30 — 9-6 34 5 54 6 i
16.10.20 — 32 — 9-85 37 5 50 6 2
25. 10.20 — 28 — 9 44 2 39 3 2
28.10.20 — 29 — 8-2 48 i 45 4 2
11.11 .20 — 28 — 8-9 43 2 50 4 i
13.11 .20 — 30 — 8-3 37 5*5 52 4 1-5

Water was refused from the night of the 13th, but food was allowed as usual. ..At 12/0 on th o 15th
the animal was allowed to have water ad lib.

15. 11. ‘JO io-o 30 8-5 39 4 52 3-5 1-5
12/0 32 — 8-5 — — — —
1/0 33 — 8-2 37 5 48 0 1

2/0 31 — 8-2 35 (> 45 12 2
4/0 31 — 9-6 — — — —

19.11.20 10-0 33 — 10 37 5 51 6 i

28.12.20 12/20 30 — 13-6 40 0 47 5

28
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No. or Name. Date. Time. R.P ft.C. w.c. L. M. N. E. Ba.

11727.—Mare. This 16.11.20 10-30 36 9-25 49 5 37 8 1
mare was supposed 19.11.20 10-0 37 — 9-7 47 4 41 8 —
to be heavv in foal, 23.11.20 10-0 38 — 9-1 45 3 48 4 —
and was kept under 1.12.20 10-0 36 — 8-4 48 4 44 4 —
observation for a 3 . 12 . 20 10-30 33 — 11-8 45 4 45 5 1
long time. It later 7.12.20 10-15 33 — 13-4 35 — 54 8 3
appeared that the 9.12.20 9-30 33 — 9-9 40 •5 5ti 3-5 —
mare was either not 14.12.20 11-30 30 — 9-7 39 9 42 9 1

in foal or that the 15.12.20 3/30 34 — 9 37 3 46 13 1
fmtushadmummitied 17.12.20 2/30 38 — 11-9 44 4 42 9 1

20. 12.20 10-45 38 119 44 1 41 11 3
22.12.20 9-45 38 16-4 50 3 37 8 2
28. 12.20 9-50 35 — 11-2 49 3 44 3 i
4. 1.21 9-50 37 — 9-7 40 6 43 10 2
0. 1.21 9-30 40 — 9 39 3 50 7 1

12. 1.21 9-30 39 — 9-5 37 4 42 15 2
14. 1.21 9-30 43 — 8 48 4 34 13 i

18. 1.21 9-30 41 — 8 37 3 51 9 —
20. 1.21 10-0 42 — 7-9 36 5 49 9 1

22. 1.21 9-15 32 — 8 39 3 47 10 i

25. 1.21 12/0 36 — 7-5 46 2 42 9 i

27. 1.21 9-30 39 — 6-9 40-5 3-5 49 7 —
29. 1.21 9-30 41 — 7-3 40 2 48 10 —
1. 2.21 9-30 39 — 6-4 39 2 50 8 i
3. 2.21 9-30 39 — 7-3 40 5 48 7 —
5. 2.21 9-30 40 — 6-5 41 4 50 4 i

8. 2.21 9-30 39 — 81 37 2 56 4-5 • 5
10. 2.21 9-45 37 — 7 32 4 55 8 i
12. 2.21 9-45 38 — 6-5 30-5 2 63 3 • 5 i

15. 2.21 9-30 36 — 7-6 36 3-5 52-5 / ‘O • 5
17. 2.21 9-30 35 — 6-3 38 3-5 53 4-5 i

19. 2.21 9-30 39 — 9-7 36 3-5 52 7 1-5
22. 2.21 9-30 37 — 10-2 28 3 63 6 1

24. 2.21 9-30 38 — 7 46 2-5 46 5-5 —
26. 2.21 10-15 35 — 10-4 33-5 3 60 3 • 5

28. 2.21 9-30 37 — 91 35 2-5 54 6 1-5
2. 3.21 9-30 37 — 6-5 52 3 40 4 1
4. 3.21 10-0 35 — 8-8 43 3 48 5 1

7. 3.21 10-0 34 — 9-2 38 2 54 6 —
9. 3.21 9-30 37 — 7-9 30 2 60-5 6-5 1

11. 3.21 9-30 39 — 8-2 35 1 54 9 1

14. 3.21 10-0 40 — 8-2 33 • 5 6 52 8 • 5
16. 3.21 10-0 39 — 10-2 30 3 61-5 5 • 5
22. 3.21 10-0 39 — 6-8 32-5 4 ,

53-5 9-5 • 5
24. 3.21 10-0 40 — 8-2 38 3 53 5 i

29. 3.21 10-0 39 — 6-8 38 3 46 ii 2
5. 4.21 10-0 40 — 9-5 39 4-5 50-5 5-5 • 5
7. 4.21 9-15 40 — 9-4 47 2-5 48 1-5 • 5

12. 4.21 10-0 41 — 8-8 47 1 46 5 i

14. 4.21 9-30 43 — 7-4 1 37 3 64 5 i

Food was removed from this animal after the morning feed, but water was allowed as usual. On
the 15th, at 9-30, the animal was given 1 gramme of arsenic in mealies.

15. 4.21 9-30 37 — 6-7 40 2 53 5 —
11-30 41 — 7-7 37 4 53 5 1

12/30 37 — 7-5 34 1-5 61 2'5 1

16. 4.21 9-0 37 — 8-6 40 4 45 9
10-5 40 — 8 38 6 52 4 —
10-55 36 — 8 43 3 49 4 1

18. 4.21 9-30 40 — 8-9 39 3 47 10 1

19. 4.21 9-45 35 — 8 40 4 44 11 1

11725.—This animal 24.11.20 2/20 34 8 10-5 42 2 52 3 1

was last fed and 25.11 .20 8-0 31 — 9-1 40 4 49 6 1

watered on the night 9-0 32 — 8-9 39 5 50 5 1

of the 23rd ; at 10-0 10-0 32 — 9 40 4 48 7 1

on the 25th a small 11-0 33 — 10-3 38 4 47 10 1

drink of water was 12/0 33 — 9 2 41 2 48 8 1

given. At 12/0 water 1/0 35 — 10-4 39 4 50 7 1

was allowed ad lib.. 2/0 34 — 111 40 3 49 7 1

and at 4/0 food was 3/0 33 — 9-3 38 4 52 6 —
given 4/0 33 — 10 39 3 51 7 —

26.11.20 10-0 39 9 13-2 38 2 54 5 1

3/0 33 — 13-3 40 4 52 4 —
27.11.20 9-30 34 7-9 12-8 38 6 52 3 1

10218.—This animal 26.11.20 9-0 44 10-2 11-5 39 4 52 5 —
was given its last 10-0 **9 — 12 40 9 48 3 —
drink on the night of 11-0 39 — 11-7 49 5 41 4 1

the 24th, but food 12/0 43 — 111 41 6 49 4 —
was allowed as usual. 1/0 40 — 13-5 — — — — —
On the 26th it was 2 /0 39 — 11-2 45 5 46 4

given water between 3/0 36 — 111 42 6 48 2
12/0 and 12/30 4/0 36 — 11-6 40 5 53 2 —

27. 11.20 9-30 37 8-4 9-6 40 7 49 4
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No. or Name. Date. Time. R.P. R.C. w.c. L. M. N. E. Ba.

11027.—Foodwaswith- 26.11.20 9-0 32 7-8 11-9 43 3 49 4 1

held from the night 10-0 20 — 11-5 42 2 50 5 1

of the 24th, but 12/0 29 — 12-4 41 3 50 6 —
water was allowed as 1 /o 31 — 12-8 41 4 51 4 —
usual. On the 26th, 2/0 30 — 12-9 42 3 50 4 —
at 12/0, the animal 3/0 31 — 15-2 42 4 49 4 1

was fed with veld 4/0 34 — 17-0 36 4 53 0 1

hay and watered at
2/0

27.11.20 9-30 34 8 13-6 41 3 50 6

13897.— Injected! Oc.c. 28.12.20 — 34 — 10-7 35 4 52 5 4

Tz. virus 28.12.20

13913.—Horse-sickness 3. 3.21 30 70 6-6 42 2-5 50 5 5

5. 3.21 — 30 7-5 91 35 4 54 4 —
13914.—Horse-sickness 3. 1.21 10-0 37 8-8 10-7 36 2 53 7 2

13903.—Horse-sickness. 14. 1.21 12/0 31 70 12-8 36 2 58 3 i

Injected 1 5 c.c. Tz.
virus 14.1.21

13973.—H orse-sickness. 14. 1.21 12/0 30 0-7 8-0 46 5 43 5 i

Injected 15 c.c. virus
14.1.21

13913.—This animal 20. 1.21 10-0 31 — 8 41 3 52 3 i

was last fed and 1/0 25 — 8 39 4 52 3 l

watered on the even- 4/0 28 — 7-3 40 2 55 2 1

iug of the 25th. At 27. 1.21 9-0 27 — 0-8 39 4 51 5 i

9-0 on the 27th the 9-30 31 — 0-7 39 3 53 4 i

animal received a 10-0 32 — 61 38 5 5! 5 1

ration of dry hay and 10-30 32 — 7-6 40 5 50 3 2
oats, and at 11-30 11-0 31 — 8-8 39 3 52 5 i

water ad lib. 11-30 31 — 8-8 37 2 51 9 i

12/0 33 — 7-8 36 3 49 12 —
1/0 31 — 6-4 37 2 49 10 2

2/0 33 — 8-2 36 2 50 10 2
3/0 30 — 8 37 3 51 8 i

4/0 30 91 39 4 49 6 2

Table V.

Mares with Foals, and Foals. Also Mares Heavy in Foal.

No. or Name. Date. Time. R.P. R.C. W.C. L. M. N. E. Ba.

13836.—Horse-sickness. 14.10.20 34 17-5 19 4 70 5 1
Mare heavy in foal. 15.10.20 — 35 7-8 21 21 3 73 2 1
This mare was in-

jected with 50 c.c.

Tz. virus on the 1 4th

The mare foaled on the 27th, and died shortly after.

Foal of 13836.—Foal 28.10.20 48 10-7 12-5 17 8 74 i

born 27. 10.20 10.11.20 — 48 10-7 8-3 15 8 76 1
—

16.11.20 — 36 8-8 81 13 3 84 — —
19.11.20 — 37 — 5-4 21 4 75 — —
3.12.20 — 37 — 5-3 43 2 55 —
7.12.20 — 36 — 5-2 46 2 52 — —
9.12.20 — 38 — 4-3 48 5 47 — —
13.12.20 — 32 — 41 41 2 55 2 —
17.12.20 — 30 — 5-3 49 3 44 3 1

This foal was never let out from the stable. From about the middle of November it was evident
that the foal was not In good health.

Foal of A. 56. Foal
born 19.11.20. This
foal died through an
accident on the 21st

20.11.20 39 8-7 7-4 15 5 80

Foal of 18178.—Foal
born 27.10. 20

12.11 .20 — 37 8-4 6-2 29 3 67 1 —
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No. or Name. Date. Time. H.P. Hb. W.C. L. M. N. E. Ba.

02.—Hare Foaled 29.11.20 12/0 34 55 14-4 22-5 4 72 •5 1

28.11.20 1.12.20 10-0 36 59 10-6 30 .4 62 3 —
3.12.20 10-30 37 66 8-5 30 2 61 7 —
7.12.20 9-30 39 62 15-2 29 i 13 —
9.12.20 9-30 35 62 13-4 14 3 78 5 —
13.12.20 9-45 33 62 15-9 30 3 56 10 1

1.'). 12.20 2/30 34 59 15-9 20 4 61 13 2
17.12.20 10-45 35 10-4 29 5 58 7 !
20.12.20 10- 15 32 53 10-75 23 4 63 10 —
22 .12.20 9-45 33 53 8-8 31 3 53 13 —
24 . 12 . 20 9-45 35 59 11-2 21 4 62 12 i

28.12.20 11-0 35 66 10-3 30 2 59 9 —
30.12.20 9-30 35 66 8-5 32 6 51 10 i
3. 1.21 10-30 36 66 11-2 28 4 60 8 —
5. 1.21 10-30 36 62 10-3 38 3 52 6 i

6. 1.21 1 0-30 36 66 11 27 4 57 11 i
10. 1.21 10-30 35 66 9 32 2 49 15 2
12. 1.21 10-0 38 68 9-6 32 3 54 9 2
14. 1.21 9-15 36 60 9-1 33 3 56 6 2
18. 1.21 9-15 39 68 9-7 30 3 55 ii i
20. 1.21 10-0 36 66 9-7 32 4 58 6 —
22. 1.21 10-0 36 70 9-5 30 3 60 6 i

25. 1.21 10-0 33 59 8 30 2 58 9 i

27. 1.21 9-30 36 59 7-3 38 2 52 7 i

29. 1.21 9-15 30 59 8 26 5 58 10 i

Foal of Mare 92. Born 29.11. 20 12-0 42 64 10-5 11 4 85 —
28.11.20 1 . 12.20 10-0 34 59 7 • 5 20 — 80 — —

3.12.20 10-30 34 66 7-3 31 6 63 — —
7.12.20 9-30 36 66 11-4 23 — 77 — —
9.12.20 9-20 34 64 9-7 31 1 67 1 —
13.12.20 9-45 38 64 7-79 36 3 68 3 —
15.12.20 2/30 37 62 8-1 30 7 59 4 —
17.12.20 10-45 33 59 9-7 40 5 53 2 —
20.12.20 10-45 30 57 11-3 31 4 63 2 —
22.12.20 9-45 32 55 13-8 26 4 70 — —
24.12.20 9-50 31 61 13-2 23 2 74 i —
28.12.20 11-0 33 59 11-7 21 8 64 6 i

30.12.20 9-30 38 59 8-8 32 6 52 9 i
3. 1.21 9-30 39 64 13-1 28 5 61 6 —
5. 1.21 9-30 38 62 14-2 33 4 61 2 —
0. 1.21 9-30 39 66 15-2 35 2 56 6 i

10. 1.21 9-30 37 66 12 34 3 57 5 i

12. 1.21 10-0 37 62 10 33 6 53 8 —
14. 1.21 9-15 37 66 11-6 37 4 56 2

20. 1.21 10-0 37 64 9-2 45 4 48 3 —
22. 1.21 9-15 36 62 10-2 33 4 58 5

—

18878.— Mare. This 10. 1.20 9-30 39 57 10-8 30 3 56 9 i

mare had foaled
about two months
prior to the observa-
tions being made

Foal of Mare 13878. . . 10. 1.20 9-30 42 75 9-7 40 5 53 2 -

Foal of 139G. About 25. 2.21 9-30 32 57 7-7 39 3 56 2 —
2 months old 1. 3.21 9-30 28 51 7-5 37 3 58 2 i

4. 3.21 9-30 33 52 7-5 42 2 54 i i

7. 3.21 9-30 33 55 10 40 3 53 3 i

16. 3.21 9-30 31 57 7-7 38 3 53 5 i

Mares in Advanced Pregnancy.

No. of Mare. Date. Time. R.P. Uli.

Hb.
ll.C.

R.P.
W.C. L. M. N. fi. Ba.

R.P. ll.C.

14465 27.10.21 12-0 34 77 2-3 8 4-25 13-7 35 5 54 5 1

14479 27. 10.21 12-0 28 68 2-4 6-5 4-3 12-7 48 5 39 8 —
14486 27.10.21 12-0 34 71 2-1 8-4 4-0 11-7 43 43 o 1
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Table VI.

Note .— Jn the following table a comparison is made between the figures

obtained for blood taken respectively from the ear and the jugular vein.

No. or Name. Date. Time.
R.C. w.c.

Remarks.
liar. Jug. Ear. 1 Jug.

1

9882.—Agedgelding 4. G.21 10-45 7-2 14-3
G. G.21 10-15 8-62 6-74 10-1 11-7 —

2/30 8-92 7-37 12-3 131 —
7. G.21 10-45 8-57 6-91 10-5 11-2 —
8. G.21 10-20 7-46 7-14 12-3 14-5 —
10. G.21 1 1-10 8-52 7-17 13 1 14 —
13. G.21 9-45 9-16 7-41 12 14 1

—
20. G.21 2/30 7 18 6 98 11-3 13 —
21 . 6.21 — — — — — Animal last fed in the evening,

and water withheld.
22. G.21 9-45 7-57 7-37 12-4 13 Fed after bleeding, also watered.

10-45 9 38 7-18 12-3 12-8 Feed just completed.
12/20 9 04 6-91 13-7 13 • 9 —
2/15 9 • 32 6 • (58 12 12-4 —
3 '30 7 69 7 06 11- 1 13 —

28. G.21 9-50 6-89 7-04 10-1 11 -2 Last feed and water, evening
of 27th : fed after bleeding.

11-30 8-03 7 • 05 12 •! 11-8 Watered after bleeding.
2/30 7-51 7-18 8-9 11-6 —

8. 7.21 10-15 6-41 6 33 13 6 11-7 —
11. 7.21 2/10 8-94 7*2 16-8 12 • 6 —

11239.—Aged geld- 1G. G.21 12-0 5-81 5 25 13-3 8-2
in?

1206G.—Aged geld- 16. 6.21 2/30 704 5-81 8-4 8-5
ing

Blauwbok.—Aged 23. 6.21 9-30 7-58 12-1 13 G
gelding

11505.—Aged geld- 27. 6.21 10-15 6-23 6-04 11-3 8-5
ing

12808.-—Aged geld- 29. 6.21 9-40 8-31 5 • 75 8-6 7-3
ing 15. 7.21 11-30 6 • 83 5-56 8-75 8-5 —

9.—Aged gelding.. 30. 6.21 10-15 6-96 5 11 9-8 10-6
15. 7.21 9-30 6-84 6-36 7-8 10-3 —

10.—Aged mare... 1. 7.21 9-50 5 • 99 5 • 66 17 14-G —
11.—Aged gelding. 4. 7.21 10-15 7-78 7-15 9-25 1005 —
13872.—Aged geld- 9. G.21 2/30. 8-78 7-38 13-5 11-9

ing. This animal 13. 6.21 2/30 8 7 15 8-2 10-4 —
wasusedforriding 15. G.21 9-30 8-1 8 91 o First feed after bleeding.
irom the Labora- 1 0-30 8-88 7 • 95 10-2 9-4
tory to Maritz- 11-30 9-12 6 85 10-3 10
burg. This trip 12/30 8-62 6-81 8-2 8-4
was done at least 2/20 8-48 7-43 7-3 7 7
twice a day. at 3 /30 9 3 6-71 (5 • 5 10-3
very fast speeds. 2. 7.21 10-0 9-26 7-86 7-8 7-9
The rider was 5. 7.21 8-45 7-43 7-33 7-8 9 • 75
heavy, about 9-25 9-68 G 99 11 7-6
190 If.

The counts at 8-45 were made from blood taken immediately on the return of the animal from a
very quick ride from town. The counts at 9-25 were made after the animal had had some food and
rest.

6. 7.21 10-0 7-18 6-67 9-8 10
9. 7.21 10-0 8-47 7-01 8-5 10-5

11. 7.21 9-45 7-89 6-51 9-2 8-95
12. 7.21 11-50 8 05 7-95 7-6 7-3 —



Note.—The differential counts from smears taken concurrently from the

ear and jugular appear in the following table :

—

No. or Name
of Animal.

Ear. Jugular.

W.C. L. M. N. E. Ba. W.C. L. M. N. E. Ba.

Mule E 9-2 36 3-5 52 7 • 5 1 10-9 35 _o 55 6 o

9882.—Horse. — 37 3 52 7 1 14 '3 34 3 58 9 1
12-4 44 4 46 5 1 13 40 3 49 7 1

13872.— Horse 13.5 34 4 58 4 — 119 22 3 72 2 1

91 35 *2 54 8 1 9 40 5 51 3 1
10-2 41 6 50 2 1 9-4 34 3 57 5 1

Blauwbok .... 12 1 37 3 52 7 1 13-6 37 X 54 5 1
0.—Donkey . .

.

25-7 52 5 29 12 2 17-2 54 3 27 12 4
17-1 57 2 29 1

1

i 18-5 58 4 26 11 1
283.—Donkey 20-8 30 4 50 15 i 20-4 33 - 55 9 1

No. or Name. Date. Time. R.C. Ear. lt.C. Jug. Remarks.

? 1.10.21 10-0 8-53 6-84 After bleeding, animal was threatened
with a stick.

10-20 7 • 75 7-42 —
? 5.10.21 9-0 9-52 6-63 After bleeding, animal was threatened

and repeatedly hit with a whip.
9-30 7-89 7-54 —

13178.—Horse 26. 10.21 2/20 8-12 Threatened with a stick after
bleeding.

2/30 6-78 0-36

No. or Name. Date. Time. Ear. Jug. Ear. Jug. Remarks.

12594 24. 7.21 10-40 8-9 7-8 10-2 8-6 _
23. 8.21 9-30 101 101 12-5 7-8 —

13200 18. 8.21 10-0 8-1 7-6 13 6 7-2 Last feed on 17.10.21; water
allowed at 10-0.

11-0 8-2 8 9-4 61 Food after bleeding.
12-30 9-4 6-9 11 6-3 —

19. 8.21 12-10 8-8 7-6 12-8 8-2 Usual treatment.
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Table VII.

In the following table the figures for donkeys are given :
—

No. or Name. Date. Time. R.P. Tt.O. W.C. L. M. N. E. Ba.

9310.—'Gelding, aged.. 14. 2.21 10-0 48 — 15-4 05-5 2 • 5 24 • 5 7-5 —
13800—Mare 18. 2.21 — 42 — 11-8 53 4-5 30 6-5 —
9847 18. 2.21 - 36 - 14-3 55 2-5 28-5 13-5 5

9852 18. 2.21 - 39 - 12 53 3-5 32-5 11 —
9853 18. 2.21 — 30 — 13 7 51 1-5 34 13 •5

11501 18. 2.21 - 36 — 11-8 52-5 •5 36 11 —
11705 18. 2.21 - 38 - 11-7 48 2 41-5 8-5 —
11707 18. 2.21 — 38 — 13-5 50-5 4 36 9 •5

1 1709 18. 2.21 — 40 - 15-8 57 3 30-5 9 •5

11710 18. 2.21 - 34 - 16 56 5 • 5 27 11-5 —
13793—Gelding, 18. 2.21 — 30 — 15-2 71 '5 8 15 5 •5

2 yeais

13795.—Gelding, 18. 2.21 33 15 62 4 • 5 26 7-5
21 years

13797.—Gelding, 18. 2.21 — 31 — 11-6 57 1-5 40 1 •5
2 years

13798.—Gelding, 18. 2.21 — 37 — 17-5 52 2-5 30 14-5 1
11 years

0.—Aged gelding, 24. G .21 12/30 4-68 17-2 54 3 27 12 4
Pietermaritzburg 13. 7.21 9 30 3-43 18-5 58 4 26 11 1

Donkeys.

In the following table the comparative figures for the haemoglobin reading,

the centrifuge reading, and the red count appear :

—

Donkey No. R.P. Hb. R.C.
Hb. Hb.

R.P. R.C.

9810 48 79 1 -65
13800 42 66 —

1 -57
9847 36 64 — 1-78

39 68 — 1-74
9853 36 66 1 -8

11501 36 60 — 1-67
11705 38 66 — 1-74
11707 38 66 — 1-74
11709 40 66 — 1-65
1 1710 34 57 — 1-67
13793 30 55 — 1-83

33 59 — 1-79
13797 31 57 1-84 .

13798 37 68 — 1-84
6 — 45 4-68 9-62— 36 3-43 — 10-5— 55 6-3 8-8

60 6-95 — 8-6



Private Donkey?.

Donkey No. R.P. Hb. R.X'.
Hb. Hb.

R.P. R.C.

1 44 5-44 8-1— 48 5-63 — 8-5
o — 55 5-71 — 9-S— 54 5-68 — 9*5— 53 5-64 — 9-4— 54 5-74 — 9*9
4 — BO 5-98 — 9-3~ 62 6-34 — 9*7

Note. Measurements of the size of corpuscles in stained smears.

Donkey No. Maximum. Average. Minimum.

I 7-2 6-4 5-6
2 7 • 2 6 • 04 4-8

7 • 2 6-28 5 0
4 7*2 (i 04 4-8

7 • 2 012 5-6
6 7 • 2 0 • 30 5-6
7 7-2 0-24 5-0

Maritzbuku Donkeys.

The following are all private donkeys which the Asylum authorities kindly

lent for the purpose of bleeding

No. or Name. Date. Ti me. Hb. R.C. W.C. I. M. N. E. Ba.

1.—Mare 9. 0.21 9-15 44 5-44 15-4 54 6 33 6 1

15. 0.21 9-15 48 5-03 13-4 .55 5 32 7 1

2.—Gelding 9. 0.21 9-25 55 5-71 13 0 44 4 40 11 1
16. 0.21 9-25 54 5-08 12-9 48 5 36 10 1

3.—Gelding 9. 0.21 9-35 53 5-64 14-2 59 4 28 9

15. 6.21 9-35 54 5*74 13-9 57 3 30 9 1

4.—Gelding 17. 0.21 9-45 60 5-98 11-5 55 3 30 ii 1
23. 0.21 9-45 62 6-34 12-6 58 4 28 9 1

5.—Gelding 17. 6.21 9-50 0-00 15 1 56 3 29 ii 1

23. 6.21 9-50 — 61 15-2 58 2 27 13 —
0.—Gelding 17. 6.21 10-5 0-48 12 52 4 31 12 1

23. 6.21 10-5 — 0-3 12-3 50 3 34 12 1

7.—Gelding 17. 6.21 10-15 5-28 13 55 2 35 7 1

23. 6.21 10-15 — 0 02 13-5 54 2 40 3 1

The above donkeys fr 3m the 4 sylum were a 11 hard worker and well fed

283 25. 0.21 9-50 55 6-3 20-4 33 2 55 9 1

13. 7.21 '35 00 6 • 95 21-9 33 1 57 8 1

23. 7.21 lb -0 — 5-8 15 49 1 47 3

Thin donkey had a had stifle, and this probably accounts for the very high neutrophile perrentage.
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Pretoria Donkeys.

No. or Name. Date. Time. R.P. Hb.
Hb.

Size of Corpuscles. R.C.
R.P.

R.P. R.C.

14733.—Mare 24.10.21 10-0 36 69 1-92 8, 61, 4-8 C • 73 5-34

14734.—Mare 24.10.21 10-0 32 66 2 06 8, 6-4, 4-8 6-34 5-04

14735.—Mare 24.10.21 10-0 23 — - 8, 6-3, 5*6 4-6 5

14786.—Mare 24.10.21 10-0 36 72 2 6-4, 6-1, 4-8 6-4S 5-43

14737.—Mare 24.10.21 10-0 37 68 1-81 8, 6-1, 4-8 7*2 5-14
2G. 10.21 9-30 36 72 2 — 7-3 4-93

14738.— Mare 24.10.21 10-0 38 72 1-89 8, 6-3, 4-8 7-28 5-22

14739.—Stallion 24.10.21 10-0 40-5 79 1-95 8, 61, 4-8 8-52 4 • 75
26.10.21 9-30 39 73 1-87 — 8-24 4-73

14740.—Mare 24.10.21 10-0 41 79 1-93 8, 6-2, 4-8 7-91 5-17
26.10.21 9-30 39 79 203 — 7-72 5 05

14730 19.10.21 9-45 34 68 2 - 6-7 5-3

14731 19.10.21 9-45 35 70 2 - 7 5

14732 19.10.21 9-45 36 71 1-97 — 7-2 5

No. or Name.
|

Date. Time. W.C. L. M. N. E. Ba.

3 4733.—Mare 24.10.21 10-0 13 38 6 51 4 1

14734. —Mare 24.10.21 10-0 15-1 43 3 45 8 1

14735. —Mare 24.10.21 10-0 8 53 15 29 5 -
14736. —Mare 24.10.21 10-0 10-5 60 9 17 13 1

14737. —Mare 24.10.21 10-0 17-2 38 5 48 8 1
26.10.21 9-30 14-4 37 8 44 11 —

14738. —Mare 24.10 21 10-0 13-6 47 9 37 6 1

14739. —Stallion 24.10.21 10-0 11-5 50 5 36 8 1
26.10.21 9-30 14 45 7 40 8 —

14740. —Mare 24.10.21 10-0 16-3 42 8 39 11
26.10.21 9-30 14 51 7 34 8

Donkeys.

Note .—In the following table the ratio between the haemoglobin reading

and the percentage volume of red corpuscles is given. All these observations

were taken on the 18th February, 1921.

No. of Animal. R.P. Hb.
Hb.

No. of Animal. R.P. Hb.
Hb.

R.P. R.C.

0847 36 64 1*77 852 30 1 -60
9853 36 60 1-8 11501 36 60 1-67
11705 38 66 1-74 11707 38 66 1-74
11709 40 66 1*65 11710 34 1 • 67
13793 30 55 1-83 13795 33 59 1-79
13797 31 57 1-84 13798 37 68 3-84

29
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Note .—In the following table the figures for mules appear.

No. or Name. Date. Time.
1

R.P. Hb. R.C. w.c. L. M. N. E. Ba.

6457,—Veld
animal

(Pretoria)

29. 3.21 12/0 38 - 10-2 30-5 1-5 53-5 8-5 ~

11248.—
(Pretoria)

29. 3.21 12/0 ~ — — 13-1 46 2-5„ 45 6-5 -

*' Elizabeth.”

—

Working mare
(Pietermaritz-
burg)

7. 6.21 2/50 64 7-26 10-9 35 - 55 G 2

“ Falk.”—Work-
ing gelding

11. 6.21 10-40 - 55 7-30 11-2 40 2 50 0 2

“ Apple. "—Geld-
ing. Very light
work

1. 0.21 2/45 56 6 3 12-5 38 3 52 6 1

279.—Gelding.
Bard working

12.10.21 9-30 8 11-7 16 4 44 6 —

200.—Aged mare.
Not working

12.10.21 9-30 — — 4-86 13 45 3 48 2 2

209 —10 years.
Gelding. Not
working

12.10.21 9-30 — — 6-34 121 38 2 54 6 —

282.—Gelding.

.

- — — — — — 43 2 45 10 —
210.—Gelding.

.

- — — — — — 44 2 42 11 1

281.—Gelding.

.

— - — — — — 39 i 51 0 —
28.—Gelding. . .

- — — - — - 49 4 42 4 1

22.—Mare — — - - — — 50 3 43 4 -

Size of Red Corpuscles.

Animal No. Maximum. Average. Minimum.

22 7-2 6-24 5-6
28 7-2 6-2 5 • 6
281 8-8 6 • 28 4 -8

210 7-2 016 4-8
282 7-2 0-33 5 • G
209 7-2 6-28 5-6
200 7-2 6-25 4-8
280 7-2 6-1 4-8
279 7-2 6-24 5-6

Note .—In the following table the figures for mules appear.

No. or Name. Date. Time. R.P. Hb. R.C. W.C. L. M. N. R. Ba.

10337 1.11.21 10-0 37 70 8-64 16 53 3 40 . 3 1

11022 1.11.21 10-0 34 70 8-46 13-3 60 2 32 5 1

11423 1.11.21 10-0 33 60 7-86 18-3 52 2 38 8 -
13244 1.11.21 10-0 34 60 7-86 11-6 51 2 42 4 1

13249 1.11.21 10-0 38 76 9-24 14-5 43 3 40 7 1

6457 3.11.21 9-15 32 66 8-36 9 38 2 49 11 -
13247 3.11.21 9-15 35 75 S-58 13-8 38 4 48 10 —
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No. or Name. Date. Time. R.P. Hb. w.c. L. M. N. B. Ba.

13248 3.11 21 9-15 32-5 71 8 04 10-8 38 5 44 12 1

10321 3.11 21 9-15 35 77 9 18 10-9 48 4 42 6 -
11021 3.11 21 9-15 38 77 9-26 15-2 40 3 38 13 —
10339 4.11 21 1/0 32 04 7-5 14-5 53 33 5 8 1

11422 4.11 21 1/0 34 69 8-1 11-3 54 1 34 10 1

14720 7.1

1

21 9-10 42 80 10-0 14-4 40 2 48 4 —
14727 7.11 21 9-10 35 73 9 '38 15-2 22 4 70 3 1

14728 7.11 21 9-10 30 72 7-82 12-7 30 4 00 4 --

R.P.
The above mules are all hard working animals. Average obtained for in above figures = 1-00.

R.C.
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TABLES.

in tlie tables the following symbols are used:—
R.P. for the percentage volume of the red corpuscles.
Hb. for the percentage haemoglobin, as obtained by the Sahli

haemometer.
R.C. for the number of red cells per c.mm. of blood expressed in millions.
La. for largest.
Av. for average.
Sm. for smallest.

W.C. for the number of leucocytes per c.mm. of blood expressed in
thousands.

L. for lymphocytes.
M. for monocytes.
M. for neutrophiles.
E. for eosinophiles.

Ba. for basopniles.
— for a.m.

/ for p.m.
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The Susceptibility of Calves to Contagious
Abortion when fed on Milk from Infected

Cows.
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Onderstepoort.

Translation of thesis approved for the Degree of Dokter Medicinae
Veterinariae in the Tierarztliche Hochschule, Hannover, Germany.

The possibility of calves becoming infected with the contagious abor-

tion bacillus (Bang) by the ingestion of milk from infected cows is

a question which has not received much attention in South Africa.
There is no longer any doubt about the milk of a large percentage of

infected cows containing the bacillus. This fact was first demons-
trated by Schroeder and Cotton (1) in the United States of America.
Since the above workers published an account of their discovery, the

presence of the bacillus in the milk of infected cows has been proved
by many others. Robinson (2), in his investigations into contagious
abortion in bovines in this country, mentions that he isolated the
bacillus abortus (Bang) from milk.

It is of much economic importance, as well as an essential factor

in the control of the disease, whether a calf is, or is not, capable of

being infected by the ingestion of milk containing the bacillus,

because, from a point of view of eradication of the disease, young
calves should then be fed non-infected milk, or milk which had been
pasteurized. It is only possible to carry out pasteurization when
dealing with a dairy herd, and even then it entails a certain amount
of labour when working with large quantities of milk. When dealing
with a ranching herd, there is no method by which milk from an
infected animal coidd be rendered innocuous, as it is sucked directly

from the udder by the calf.

Within recent years many valuable herds have been raised in

this country, and when the existence of contagious abortion had been
proved in one of these, farmers were loath to part with a valuable
animal owing to the loss which would be sustained, and the difficulty

of replacing such an animal. Farmers as a rule, however, are quite

willing to isolate infected cows, and run them as a herd apart. They
realize that an animal which has been infected and has aborted
frequently produces a healthy, fully developed calf at the next
pregnancy. These cows, although apparently normal, are in many
cases capable of spreading the disease, and unless isolated are always
a source of danger to non-infected cows.

When infected cows, either those which had aborted or those

which had never aborted, but had been shown to be infected by the
agglutination test, were isolated and bred from, it would be a con-

siderable loss unless their milk could be fed to their calves without
danger of transmitting the disease.

If a calf proved susceptible, the disease might, as is the case in

adult cattle, assume a chronic nature. The calf might become a
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chronic carrier, and may, in the case of bulls, show the presence of
antibodies in the blood for a considerable time, Avhile heifers might
carry the bacillus in their bodies without showing any ill-effects until
they became pregnant.

With the object of ascertaining what would be the effect of

feeding infected milk to calves these experiments were undertaken:—
Literature—

A series of experiments were undertaken by Huddleson (3) with
a view to demonstrating whether the bacillus abortus (Bang) could
be transmitted to newly born calves through the ingestion of milk.

The presence of the bacillus abortus was demonstrated in the
milk fed by the agglutination test, and by the inoculation of guinea-
pigs.

The calves used for the experiments were isolated so as to avoid
any possible source of infection from material other than the milk
fed.

In studying the reaction of the blood the agglutination and com-
plement fixation tests were employed.

In his experiments, Huddleson fed eleven calves naturally
infected milk (“ . . . a milk reacting positively to the agglu-
tination test using bact. abortus as antigen ”). Six calves were fed
on non-infected milk (“ . . . a non-reacting milk ”) as controls.

Naturally infected pasteurized milk was fed to one calf, and arti-

ficially infected milk (5 c.c. of a 48-hour bouillon milture of bacillus

abortus added to each feed) was fed to another calf.

The calves selected and fed were picked as the offspring of

infected and non-infected mothers.

When discussing the results of his experiments, Huddleson
says :

—

“ The results show that out of eleven calves fed naturally

infected milk for a long period of time, the blood of only one calf

developed complement fixating bodies to any marked degree.

The calf was fed on naturally infected milk for thirteen weeks. The
blood was tested at intervals of about a week by means of the comple-
ment fixation and agglutination tests. Complement fixing bodies
were present in blood for the first five weeks, and succeeding tests

have given negative results.”

One of his experimental calves showed “ a weak positive reaction

after the feeding of milk began,” but it is assumed this reaction was
due to the absorption of antibodies through the mucous membrane of

the intestines. He says, when discussing this reaction:—
“ The appearance of antibodies in the blood of Calf 102a may be

accounted for,” by being absorbed through an injured mucous lining,
“

as the calf was suffering form a severe case of diarrhoea at the time
antibodies made their appearance.”

Another of the calves showed the presence of complement fixing

bodies when tested three weeks after birth for the first time. When
discussing this reaction, Huddleson says:—

“ This positive reaction is not due to an infection from the milk.

This statement is based on experiments of the writer, which demon-
strate the time of appearance of agglutinating and complement fixing

bodies for bact. abortus after subcutaneous injections of a live suspen-

sion of organisms. From eight to twelve days elapse before the

appearance of antibodies after an injection.”
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The remaining calves in this experiment did not give a positive

reaction.

The calves fed upon non-infected milk did not give serum reac-

tions, excepting a calf which showed complement fixing bodies at

birth, and this reaction disappeared after three weeks.

Regarding another of his experiments, he says:—
“ It is evident . . . that antibodies will develop in the blood

of a calf when fed continually upon milk mixed with a culture of

bact. abortus. The positive reaction does not persist for a great

length of time, but disappears while the mixture is being fed.”
He further points out that the blood sera of calves from infected

mothers may be positive at birth, but says this “ may be due to an
active infection, or to passive transmission of the complement fixing

bodies in the blood of the mother, to the foetus in utero.”

From a limited number of experiments carried out on cows to

obtain information on the possible transmission of antibodies from
mother to foetus, he concludes :

—
“ Although these results are limited, it readily appears that anti-

bodies circulating in the body of the mother are not transmitted to the
foetus in utero under normal conditions.”

Huddleson’s conclusions from his experiments are as follows :
—

“ Agglutinating and complement fixing bodies for bact. abortus
are very rarely demonstrated in the blood of calves as a result of

ingesting* naturally infected milk
“
Calves may g-ive a positive reaction to the complement fixation

test immediately after birth. The reaction probably signifies pre-

natal infection. There is favourable evidence that antibodies circu-

lating in the blood of the mother are not transmitted to the foetus in

utero.
“ The data strongly emphasize the' necessity of testing’ the blood

of calves at birth in order to differentiate between positive reactions

that may be due to the ingestion of milk and positive reactions

that may be present at birth. There appears to be no connection
whatever between the feeding of milk and the matting and staining
of the sexual hairs of new-born calves.”

Moliler and Traum (4), in their researches on abortion, fed two
three-day-old calves with 90 c.c. each of a bact. abortus bouillon

culture in milk for a period of three days. This experiment was
apparently made to ascertain what relation the ingestion of bact.

abortus had to diarrhoea, and no details are given as to whether the

serum showed antibodies or not. The siibsequent history of the calves

was apparently not followed. The authors remark:—
“ Experimentally, however, we were unable to produce any

noticeable ill-effects on two three-day-old calves which were fed with
90 c.c. of a bact. abortus culture in milk for a period of three days.”

M'Fadyean, Sheather, and Minett (5) inieeted a cow, which
had calved normally, with a virulent culture of bact. abortus about
five weeks after parturition. The calf was allowed to suck and remain
in contact with its mother. The duration of feeding is not recorded,
but the calf, although tested several times, always showed a negative
serum to the agglutination tests. The presence of the bacillus in the
milk of the cow was not demonstrated by cultural methods, nor was
the milk submitted to either complement fixation or agglutination
tests.
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The authors say:—
“ During the course of the experiment no attempt was made to

cultivate abortion bacilli from the cow’s milk, but, whether they were
present or not, the agglutination tests indicate that the calf did not
become infected.”

Williams (6), when discussing what he calls the “ great confusion
regarding the epoch and vehicle of transmission of contagious abor-
tion,” says:—

“ The calf, when feeding upon such milk,” (milk contaminated
from outward sources, or coming from an infected udder) “ inevitably

ingests the infection. According to our investigations in herds where
abortion prevails the blood of fully 90 per cent, of the calves grown
on raw milk reacts to the agglutination and complement fixation tests

for contagious abortion. Furthermore, according to our studies the

infection persists. It becomes somewhat dormant in many calves

after they pass approximately the one-hundredth day, and are placed
largely on vegetable foods, and is aroused again at the time of copula-
tion. The reaction then remains high until the pregnancy termi-

nates. In such cases, according to our observations, if the blood
reaction in young heifer calves is high, the rate of abortion in the
grown heifer is correspondingly high. This epoch of invasion has
not yet been accepted as of importance by veterinarians and others.

The evidence at present, however, points with very great emphasis to

this epoch as most highly important in the course of the spread of the

disease.”

* Since writing this article my attention has been drawn to the report of

the New York State Veterinary College at Cornell University for the
year 1920-21, and the later views expressed by Professor W. L. Williams
in an article contained in that report, entitled “ Researches upon the Diseases
of Breeding Cattle,” pages 54 to 66. The following extract is quoted:--

“ Schrooder and others had discovered the B. abortus in milk. I was
led to believe for a time that during calfhood the heifer calf probably
became infected from feeding upon contaminated raw milk, and that
the infection persisted in a quasi-dormant state until pregnancy became
established. This view contained important errors mixed with vital
truths. It gradually became recognized that B. abortus was common in

milk but that it was only under some conditions that abortion was
common during first pregnancy. What then were the conditions of
calves which were destined to abort in first pregnancy as compared with
those which were to breed normally? After several years of extensive
study, during which I obtained many valuable data, from highly infected
herds, it was discovered that in those establishments where accurate data
were available the ratio of abortion (and running parallel with these,
sterility, premature birth, and metritis with retained fetal membranes)
conformed to the prevalence of calf scours and pneumonia from which
the heifers had suffered us young calves. This opened a new train of
thought and study. Drs. Hagan and Carpenter brought out the facts
that the utero-chorionic space of most pregnant cattle contained bacteria
having a measure of pathogenic power and that the alimentary tract
of the fetus commonly contained identical bacteria, which usually, but
not always, apparently exercised no harmful effect. I had previously
shown clearly enough that the fetus regularly and constantly swallows
its liquor amnii with any solids it may contain in suspension, including
shed hairs and other bodies. Inevitably bacteria floating in the liquor
would also be swallowed.

“ The bacteria in the fetal alimentary canal are generally, it appears,
included in the meconium, and do not irritate or penetrate the
alimentary mucosa. Sometimes the volume or virulence of the included
bacteria surpasses the powers of fetal resistance and causes dysentery.
As a rule the calf is born apparently healthy, but in many cases breaks
down with dysentery or pneumonia or suffers from chronic indigestion
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Wlieu dealing with the frequency of abortion in heifers during
first pregnancy, he says:—

“ Our experiments upon this point are exceedingly scant, but so

far as our studies have been carried, it has appeared that heifers in

first preguancy offer a distinct immunity toward infection through the
alimentary tract, aud the disastrous infection must be referred back
to contaminated milk instead of to contaminated herbage.”

In connection with the part played by the bull in the transmis-
sion of the disease, he says:—

“ If we resort to the blood tests upon bull calves, we find in herds
where abortion is rampant that the blood of most of these reacts at a

period between twenty and one hundred days of age, and we have no
evidence to show that the infection is ever completely eliminated,
though we have excellent evidence that it becomes somewhat dormant
during the period beginning with the placing of the calf largely upon
herbaceous food, and that it is ai’oused at the beginning of bis use
for breeding* purposes.”

When discussing measures for the control of the disease, Williams
further states :

—
“ While admitting that a calf may be born with the infection of

contagious abortion in bis system, may live and be more or less

vigorous and thrifty, according to our investigations the majority of

and cough. If extra, care is taken of the new-born calf it generally
continues to be healthy and vigorous. Our researches have led step by
step to the unavoidable conclusion that the dysentery, pneumonia, and
lesser ills of calves are primarily due to intrauterine infection, although
the infection may readily be, and certainly often is, post-natal. If a calf,

healthy at birth, is kept in typical health by proper care and slaughtered
at four to twelve weeks of age its genital tract (male or female) is

culturally negative, but if it has suffered from dysentery, pneumonia,
or lesser symptoms its genital tract is commonly infected. The charactei
of the infections in the utero-chorionic space of the pregnant female,
in the alimentary tract of the fetus and new-born young and finally ol

the genital tract of the diseased calf is apparently identical throughout.
Between calfhood and breeding age scant researches have been made,
but when breeding ag© is reached many animals of both sexes are
sterile and the bacteria encountered in the genitalia, are like those
studied in the utero-chorionic space, the meconium of the fetus and of
the new-born, and of the genital tract of the calf previously ill of
dysentery or pneumonia.. In a large herd, like that designated as
Herd B, in prior reports, where it is possible to study the extensive
data, it appears perfectly clear that a change in the handling of new-
born heifer calves alfects profoundly the behaviour of such animals when
they have reached breeding age. The changes in handling calves involved
presumably both ante- and post-natal infections, hut as stated above,
the ante-natal infections are fundamental, and were essentially the same
in the two groups. When they reached breeding age there was a
recorded abortion rate of 44.1 per cent, for the heifers which had been
badly diseased as calves and 9.8 per cent, in heifers which as calves
had been comparatively healthy. No examinations were made of the
bulk so that the part played by them is unknown. Similar observations
have been made in other herds and thus far it is true, that the ratio
of abortion in a group of heifers may be foretold (aside from the mating
of them to a genitally unsound bull) by the state of their health a.s

young calves. As these data accumulated and assumed form the con-
clusion was reached that the prevalence of abortion in heifers (except
when transmitted in coitus by an infected bull) is duo to the invasion
“9f the genital tracts of heifer calves from the diseased alimentary or
pulmonary tracts. It is believed that the bacteria in the meconium do
not penetrate the alimentary mucosa, reach the blood stream and finallv
beeomo habituated in the genital tract unless the alimentary opitholium
is damaged by dysentery.”
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calves are born free from the infection, Jbrnt in a large percentage of

cases they acquire the infection with the milk. In large herds where
abortion becomes static the infection of the young calves throuQ’h the
milk, as measured by agglutination and complement fixation, is very
severe. In some calves, perhaps far more than we recognize, the
abortion infection is so severe that it plays an important part in the
mortality of young calves.”

Another paragraph of his discussion on control is so distinctly
interesting that it is given in detail. He says:—

“ In our experiment animals, and in some other experiments, we
have studied the effect of boiled milk. In our own experiment herd,
where the degree of infection in most individuals is slight or negative,
our calves live well upon boiled milk, and their blood does not react.

When we go to other herds, however, and attempt to feed calves upon
boiled milk, where parturition has been tardy, and where the after-

birth has been retained, the calves very largely succumb to the disease
during the first few days. If, however, such a calf is started on raw
milk, even though it may be suspicious, and the precautions to clean-

liness suggested above are taken, the tendency to infection in the calf

is less marked. The calf is more vigorous and healthy, and in tune,
according to clinical observations, it tends to throw off and annul the
comparatively small amount of infection which it has received.
When the calf has reached eight to ten days of age the infection may
be further repressed by feeding the calf upon pasteurized milk.”

Seddon (7), during his experiments, fed a calf on the milk of its

mother for 104 days. Feeding began three days after the dam had
been infected by inoculation. The milk of the mother was proved to

contain the bacillus of contagious abortion, by having given positive
results with guinea-pig inoculation when tested after the cow was
inoculated, on the 16th, 25th, 83rd, and 1 01st days. During feeding
agglutination tests were negative. No subsequent history of the calf

is gfiven.

Schroeder and Cotton 18), during their investigations into abor-

tion, inoculated a pregnant cow into the udder with a pure culture of

abortion bacilli. After a gestation neriod of 279 days the cow gave
birth to an undersized, weak calf, which rapidly became strong and
vigorous. This calf gave a strong positive reaction to the agglutina-
tion test on the day of birth, showing’ agglutination in a dilution of

1-400. When referring to this calf, the authors state:—
“ On the day of its birth, as we have recorded, the agglutination

value of the calf’s blood and that of the mother’s were identical:
positive in dilutions 1-400; 2nd June, the agglutinating value of

the calf’s blood had already declined to positive in dilutions no
higher than 1 —200; 7th June, it had fallen to 1 — 100; 9th June, it

was still at 1-100; but on 10th July all agglutinating power for

suspension of the abortion bacilli had disappeared.
“

. . . the rapidly declining agglutinating power of tire

blood serum of the calf of an affected cow is shown, and this also is a

repeatedly observed phenomenon. We have found that we can
engender agglutinating properties in the blood of calves by injecting

them with abortion bacilli, but such injections must be repeated from
time to time, otherwise the agglutinating properties of the blood
serum disappear.
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“
. . . tlie calf was suckled by its mother, whose udder we

know was heavily infected. We may judge from the rapidly
declining agglutinating value of' its blood that abortion bacilli in

ingested milk do not seem to penetrate amply- or abundantly into a
calf’s body. The records of other caws and calves give similar data.”

Eichhorn and Potter (9), when discussing the time and method
of infection from data which they had prepared from a particular
herd of cows, state :

—
In regard to time of infection, particularly in reference to

infection shortly after birth, the cows born during 1911 offer interest-

ing information. It is the practice on this ranch to separate the
heifer calves from the herd as soon as they can sustain themselves,
and thereafter they are kept in pastures apart, where they are bred.
They do not rejoin the herd until they are about to calve. They are

thus kept in an environment free from the infection of abortion, after
having an ample opportunity to acquire it by association with infected
mothers and the ingestion of infected milk. There were forty-one in

this group, and fifteen aborted. Nine of this number aborted in 1915,
after having produced two normal calves and one three calves. One
aborted twice, having produced one calf, and one aborted three times,

and one once without living offspring. Three aborted in 1914, after

having' calved normally. If it is a fact that calves acquire infection

shortly after birth, and the organism remains latent in the animal’s
body, awaiting the period of pregnancy to produce it> specific action,

it is strange indeed that abortion should not have occurred before the

second, third, or even the fourth pregnancy. These facts seem to

contradict strongly the conclusion that infection is to a considerable

degree acquired during calfhood. If additional evidence is desired

on this point, it is furnished by the results of the agglutination test

applied to other young- animals of the herd raised under the same
conditions. Beginning with those born after 1st July, 1916, which
were therefore not old enough to have produced living calves, and had
not rejoined the producing herd, 16.3 were tested, of which only eight

reacted and five were questionable. In addition, there were five

abortions. All of these reactors, but one, had been served b\ bulls

which were not known to be clean. Approximately the same ratio

of reactions occurred in the large herd of young grade animals."

The authors, to obtain further information as to the time when
infection may occur, collected and tested numerous samples ot calves'

blood. The blood was collected from animals “of dairy breeding

only, and from nearby points so far as possible in order to get material

from infected areas.”
They state that :

—
“ Out of 520 male calves up to one year of age seven gave positive

and four gave questionable reactions, while of 29?) female calves >f

like age two positive and two questionable reactions were obtained.

The fact is recognized that these animals wen* from unknown sources,

yet, in view of the wide distribution of the disease in those sections,

it is assumed that most of the animals had come into contact w th the

infection. The results of the test, therefore, gave an indication of

the degree to which those classes of animals harbour the infection."

In the authors’ summary the following statement appears: -

“ The infection of female calves shortly attm birth, and the pei-

sistence of this infection until parturition, seems to be a negligible

factor.”



566

XPFadyean (12), during liis researches regarding epizootic abor-

tion of cattle, when dealing with methods of eradication, makes the
following remarks about calves born from infected cows:—

“ Agglutination tests of calves out of infected cows invariably
had a positive result when made soon after birth, but a negative
result, or a greatly reduced titre, when repeated from six months- to a

year afterwards.”
There is scarcely a doubt that some of the calves in the herd with

which he was working consumed milk containing the bacillus abortus
as abortion disease was widespread amongst the cows.

Technique.

The experimental calves were divided into a number of groups as

follows :
—

Series A .—Consisted of calves of both sexes, born from infected

mothers, which were removed from their dams within
a few hours after birth, and fed “ by hand ” on infected

milk. There were 11 calves in this experiment.
Series B .—Consisted of calves of both sexes, horn from infected

mothers and suckled on them. They were further allowed
to remain in contact. There were four calves in this

experiment.
Series C .—

-Consisted of calves of both sexes, born from non-
infected mothers, which were fed on infected milk. There
were 18 calves in this experiment.

Series J).—Consisted of calves of both sexes, born from non-

inf'ected mothers, which were suckled on infected cows.

There were six calves in this experiment.
Series E .—Consisted of two bull calves, born from infected

mothers, which were showing antibodies in the blood on
the day of birth, and which were removed from any possi-

ble source of infection and fed upon non-infected milk.

There were two calves in this experiment.
Series F .—Consisted of a control calf born from a non-infected

mother and fed on non-infected milk.

The calves in Series A and C, during the period of feeding upon
infected milk, were confined to a shed and enclosed yard, fenced off

from the camp in which the infected cows were isolated, and although

the cows and calves were not actually in contact, it cannot with
certainty be said that they were sufficiently isolated to be free from
danger of infection except through the ingestion of the milk fed.

The calves in iSeries P> and I) were allowed to run with the cows

on which they were being suckled, and were never confined to a shed

or isolated from the infected herd, with which they ran both day and
night on the veld.

The two calves in series E, after having been removed from their

mothers, were isolated and kept under conditions free from any
possible source of infection by the contagious abortion bacillus.

The control calf in Series E was isolated from birth and fed on

non-infected milk during the time he was under observation, and was

never allowed to run any possible danger of infection.

The amount of milk fed to the bucket-fed calves varied from

6 pints to 2 gallons each per day, according to age. The amount of

milk taken by sucking calves was not controlled.
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The term “ infected milk,” which has been used at various times

throughout this paper, means milk from a cow which was giving- a

positive blood serum reaction, and whose milk was also positive when
tested at intervals during the period of lactation. The milk of many
of the cows from which the milk was drawn was submitted to a
further test by guinea-pig inoculation. The viruiency of many
samples of the milk was proved by killing the guinea-pigs ten to

twelve weeks after inoculation, and submitting the blood serum to

the agglutination test, using the bacillus abortus as antigen; and
further, in a number of the inoculated guinea-pigs, the macroscopic
lesions associated with bacillus abortus infection were observed in

the spleen. All the cows from which the milk was used were not

submitted to a guinea-pig inoculation test, but there is positive proof

that the calves during the period of feeding were drinking milk which
contained the bacillus from 65 per cent, of the cows used, and probably
some of the milk which was not submitted to a guinea-pig inoculation
test contained the bacillus, as it also gave a positive agglutina-
tion test during the lactation period. The writer would like to point

out that, tested under exactly the same conditions, the milk of

infected cows showed sometimes a vastly different agglutination titre

when tested at intervals of a few months, while the blood serum
reaction remained more or less constant. The milk to be tested was
mixed milk drawn about equally from all four quarters of the udder,
about two hours after the cow had been milked clean.

“ Non-infected milk” means milk from cows which have never
given a positive reaction to the agglutination test when using either

blood serum or milk for the purpose of the test. It is not known in

three cases in Series B whether the milk was infected or not, as no
test of milk was made. However, the blood serum was strongly
positive at the time the calf was sucking.

The calves used in these experiments were pure-bred stock, with
one exception. The heifers were allowed to become well developed
before being bred from. The average age at which they were put to

the bull would be between 2\ to 2f years. Some more-matured
females, however, were served when fust over two years, while a few
which matured slowly were not served until almost three years of age.

In the herd in which these observations were carried out it is

customary to sell all females which are considered unsuitable to breed
first-class stock, and in consequence some of the experimental cattle

were sold before they could be bred from. The mature males were
all sold towards the spring of each year so that is was not possible to

keep them under observation for such a long time as the females.
All the bull calves during the period of observation were not used as

sires, but some of them were used for occasional services.

The agglutination test was used as a means of studying the result

of feeding infected milk on the calves in Ihe different series of experi-

ments. As a rule a test of the blood serum was made prior to the
commencement of feeding. Further tests were made at various
intervals during the period of feeding. When it. was decided to dis-

continue the feeding of infected milk to the calves the blood serum
was tested. The calf was then isolated under conditions free from
any possible source of further infection, and at the end of about a

month was retested. If found to be negative at this period it was
allowed to run with the calves from the clean herd, where it was kept
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under observation and again tested at intervals for the presence of
antibodies.

The following technique was observed in carrying out agglutina-
tion tests :

—
The blood was drawn from the jugular vein into sterile 1-oz.

bottles. These were placed in the incubator at 36° C. for one to two
hours, when they were removed and placed in the ice-chest. The
serum was removed the following morning by being poured into test

tubes. In a small percentage of bottles the serum would not yet be
expressed, the clot had to be loosened with a platinum needle and the
bottle again put into the refrigerator for some time. Two standard
dilutions of the serum were made with carbolized saline, viz., 1~5

and 1-100.

The antigen was usually made from 4-day slant cultures of the
bacillus abortus grown on Stockman’s potato medium. The growth
was washed off with carbolized saline, and filtered through two layers

of filter paper. It was then diluted with carbolized saline until it

was possible to read ordinary sized print through a f-inch test tube
containing the emulsion. Dilutions of serum were made, com-
mencing at 1-10 and ending at 1-2000, nine tribes being used for each
test.

The following table gives an explanation in short of how the

different dilutions were made, the ultimate amount of liquid in each

tube being 2 c.c. :
—

Serum. Carbolized Saline. Standard Dilution.

1 c.c. + 4 c.c. =1-5.
0-5 Q) c.c. (of 15) + 9i c.c. = 1 - 100.

INo of

Tube.
Stand ird

Emulsion.
Carbolized

Saline.
Serum.

Resulting

Dilution.

1 1 c.c. (1-5) 1 C.C. 1 - 10

2 1 c.c. •5 c.c. • 5 c.c. 1 - 20

3 1 c.c. • 75 c.c. •25 c.c. 1 -40
4 1 c.c. • 9 c.c. •i c.c. 1 - 100

5 1 c.c. — (1-100) 1 c.c. 1 - 200

6 1 c.c. •5 c c. •5 c.c. 1 -400
7 1 c.c. • 75 c c. •25 c c. 1 - 800

. 8 1 c.c. •8 c.c. •2 c.c. 1 - 1000

9

10

(control)

1 c.c.

1 c.c.

•9 c.c.

• 1 c.c.

•1 c.c. 1 -2000

After the series of tubes had been made according to the table

they were shaken and incubated at 36° C. for twenty-four hours, when
the results were read. The readings were interpreted as follows:—

+ = Agglutination, with precipitation of the organisms, so

that the supernatant fluid in the tube is quite water
clear.

S.P. = Agglutination, and precipitation of the organisms, so that

the supernatant fluid is not quite clear, but a very

distinct deposit can be observed at the bottom or side

of the tube.
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P. = Trace of agglutination, with just a visible precipitation

at the bottom of the tube, and a slight clarifying of

the liquid.— = No agglutination.

Each series of tests was controlled by a serum which was known
to be positive to the agglutination test for contagious abortion, and
further by a serum which was known to be negative.

From the conclusions of many investigators into the value of the

agglutination test as a means of diagnosis of contagious abortion, it

would appear to be a safe procedure to adopt an agglutination titre of

.01 c.c. as an indication of' infection. It is not proposed to lay down
an agglutination titre as an indication of infection in the experi-

mental calves, but it would not be unreasonable to assume that if a
definite agglutination titre represents infection in adult cattle it

would also represent infection in calves, and that agglutination m
lower dilutions may be caused by non-specific antibodies.

Regarding the agglutination titre which would represent infec-

tion in adult cattle, .01 c.c. had been adhered to in routine tests in

South Africa. Dr. P. R. Viljoen, working at the Veterinary
Research Laboratory, fixed this standard as an indication of infection

with bacillus abortus (Bang), but the writer believes this titre errs on
the side of leniency, and considers a complete agglutination with
.025 c.c. of serum, and a slight precipitation in the tube containing
.01 c.c. of serum, must be considered distinctly suspicious, as very
frequently a cow which had given this reaction showed a much higher
agglutination titre a month later. However, in these experiments,
when a positive blood serum is mentioned, the agglutination titre has
teen .01 c.c.

When a cow’s milk is considered positive it represents an agglu-
tination titre of .025 c.c., as the writer has failed to demonstrate the
presence of the bacillus in the milk from infected cows with a lower
agglutination titre, and in consequence, during these experiments, an
agglutination titre of .025 c.c. is considered positive for milk.

Series A.

Shows the history of calves of both sexes, born from infected

mothers, which were removed from their dams within a few hours

after birth and bucket fed on infected milk.

Friesland Heifer 87, Table 7, was born from a cow whose blood

serum was positive at the time the calf was born. The calf' was not

tested until the fifth month, when feeding was stopped. At this time

there was a slight agglutination with .05 c.c. of serum, which per-

sisted until the seventeenth day after feeding on infected milk had
stopped, but at the next test, one month twenty-four days after isola-

tion, there was no trace of agglutination even with .1 c.c. of serum.

The heifer when last tested was 3 years and 7 months old, and at no

test have the agglutinins reappeared since seventeen days after feeding

infected milk was stopped. This heifer calved normally 19/8/21.
She still continues to give a negative reaction.

Friesland Heifer 88, Table II, was born from a cow whose blond

serum was positive at the time the calf was born. The first test of

serum was done at the sixth month of feeding, when there was
complete agglutination with .1 c.c. of serum. Feeding was continued
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until the calf was eight months old. At this time no agglutinins
were present, nor have their presence been detected at subsequent
tests. The heifer, when last tested, was 3 years and 1 month old.

She calved normally (16/5/20) and was again put to the bull

(2 / 11 / 20 ).

Friesland Heifer 101, Table 111, was born from a cow whose
milk and blood serum were positive at the time the calf was born. The
calf was tested before having fed, when there was slight agglutina-
tion with .025 c.c., and a trace with .01 c.c. of serum. The same
reaction was obtained with blood drawn five days after birth. The
agglutination titre of the serum had markedly increased on the twenty-
fifth day, showing complete precipitation with .01 c.c. and slight with
.0025 c.c. On the thirty-sixth day the reaction was not quite so

marked. Complete precipitation occurred with .025 c.c. and slight

with .01 c.c. The calf got access to a solution of Hyeol, which was
being used to disinfect the sheds, and died of poisoning on the 16th
May, 1919, without the serum having been tested again.

Friesland Heifer 89, Table IV, was born from a cow whose milk
and blood serum were positive at the time +he calf was born. The
first test was done five months two days after feeding began, when
.025 c.c. of serum gave complete agglutination. Feeding was con-
tinued until the calf was 6 months and 9 days old, when the agglutina-

tion titre of the serum had slightly decreased, showing only slight

agglutination with .025 c.c. This same reaction persisted a month
later, but had entirely disappeared one month twenty-three days
after feeding’ was stopped. A test done when the heifer was 19

months 20 days old showed a trace of precipitation with .05 c.c. of

serum. This was the only test which showed the presence of anti-

bodies since the disappearance of the agglutinins present when
feeding stopped. The heifer, when last tested, was 3 years and 6

months old. The heifer calved normally (25/5/21) and has again
been put to the bull.

Friesland Heifer 90, Table V, was born from a cow whose milk
and blood serum were positive at the time the calf was born. The
first test was done when feeding had continued for five months
twenty-six days. Feeding was stopped at this age. This calf has
never shown the presence of antibodies in the blood. The heifer,

when last tested, was 3 years and 5 months old. She calved normally
(16/4/21) and has again been put to the bull.

Friesland Heifer 102, Table VI, was born from a cow whose milk
and blood serum were positive at the time the calf was born. The
serum of the calf was tested before it had fed on the day of birth,

when there was complete agglutination with .1 c.c. of serum. The
agglutinins had markedly increased on the tenth day after feeding
began, complete precipitation being observed with .01 c.c. of serum.
The calf got access to a solution of Hvcol, which was being used to

disinfect the sheds, and died from poisoning on the 11th May, 1919,

without another test having been made.
Friesland Heifer 99, Table Vll, was born from a cow whose blood

and milk were positive at the time the calf was born. At birth the

calf’s blood showed a slight agglutination in dilutions up to .025 c.c.

The concentration of agglutinins in the serum increased up to the

twenty-ninth day, after which subsequent tests showed a decrease.

Agglutinins persisted in the serum until the calf was 3 months 15

days old after which three tests done in about three months showed
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tlieir complete absence. When the calf was 7 months 19 days old

agglutinins appeared in a very slight degree, showing only slight

precipitation with .U5 c.c. of serum. This reaction remained prac-

tically constant until the age of 10 months and 11 days. This calf

was fed infected milk for nine months. The heifer was 2 years and
6 months old when the last test was made, and continued to show an
.absence of antibodies in her blood serum. She has been put to the
bull and is apparently pregnant.

Friesland Bull 87, Table Vlll, was born from a cow whose milk
and blood serum were positive at the time the calf was born. The
calf was tested on the day of birth, but had sucked its mother for

some hours, as it was born during the night. This test showed
complete precipitation with .025 c.c. of serum. On the ninth day
the serum showed au extremely high antibody content, complete
agglutination occurring' with the last tube of the series containing
.0005 c.c. of serum. On the eighteenth day the agglutination titre

had dropped to .005 c.c. The calf got access to a solution of Hycol,
which was being used to disinfect the sheds, and died* of poisoning

(14/5/19) without having been tested again.
Ayrshire Bull 108, Table IX, was born from a cow whose milk and

blood were positive at the time the calf was born. The first test was
done on the day of birth, when no precipitation was observed in any
tube. Feeding was continued for seven months and three days. The
bull was sold at the age of 12 months and 18 days. Five agglutina-
tion tests done since birth failed to demonstrate the presence of anti-

bodies in the blood.
Ayrshire Heifer 126, Table X, was born from a cow whose milk

was negative and blood serum positive. The calf did not show anti-

bodies in the blood serum on the day of birth. Feeding was con-
tinued for five months and fifteen days. The calf died from peri-

tonitis at the age of 10 months 10 days without having shown the

presence of antibodies with five tests done during that period.
Cross-bred Lincoln Hed-Friesland Heifer 1, Table XI, was born

from a cow whose milk and blood serum were positive at the time the
calf was born. The calf g-ave a negative reaction at birth. At three

months and four days after feeding began there was complete agglu-
tination with .025 c.c. of serum and a trace with .01 c.c. A prac-
tically similar reaction was observed when the calf was tested fourteen
days later. This reaction persisted until the calf was 6 months and
24 days old, when feeding infected milk was stopped. The heifer
was allowed to run with the infected cows in isolated quarters. Seven
tests have been made since feeding infected milk was withdrawn. At
•each test the presence of agglutinins has been observed, but in slight

degree, with the exception of the last test made on 28th September,
1921. which was entirely negative. This heifer was then in the fifth

month of pregnancy.

Series B.

Shows the serum reaction of calves of both sexes, born from
infected mothers and suckled on them.

Sussex Bull 96, Table XII, was born from a cow whose milk was
not tested during the time the calf was fed on her. The blood serum
was positive at the time the calf was born, and continued positive
during the period of feeding. The cow’s milk gave a reaction which
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was considered doubtful, during tbe next milking period. However,
this would not prove the calf was fed on infected milk, although
this conclusion would probably be justified when the cow’s history
is known. Feeding continued for seven months and nine days.

The calf was sold at the age of 17 months 17 days, without having
shown antibodies in the blood.

Hereford Bull 62, Table XIII, was born from a cow whose blood
serum was strongly positive. Her milk was not tested until two
months after the calf was weaned, when a positive result was
observed, and it is probable that the milk was infected during the
time the calf fed. Feeding continued for eight months and five

days. At this age the calf was weaned. The bull was sold at the
age of 16 months without having shown antibodies in the blood.

Lincoln Red Heifer 90, Table XIV

,

was born from a cow whose
blood was positive. The milk was not tested during that lactation

period, but at the next lactation period was positive. Feeding
continued for seven months. The heifer was sold at the age of

15 months 24 days, without having shown antibodies in the blood.
Sussex Heifer 171, Table XV ,

was born from a cow whose milk
and blood serum were positive. The blood was positive at various
intervals during the time the calf was fed, and during this time the
milk was tested twice giving a positive result on each occasion.

The calf was tested for the first time at 7 months, when it was
weaned. This test showed complete agglutination with .05 c.c. of

serum and a trace with .025 c.c. The heifer is still under observa-

tion and eight tests done since weaning have failed to demonstrate
antibodies in the blood. The heifer was 3 years and 11 months old

when last tested on the 29tli September, 1921
;
calved normally 30tlr

Xovember, 1921.

Series C.

Shows the serum reaction of calves of both sexes born from
uon-infected mothers, and which were bucket fed on infected milk.

Ayrshire Bull 114, I able XVI, was fed on clean milk until the

end of the second month, when feeding on infected milk began.
Feeding was continued until the calf was 7 months 13 days old.

Several tests carried out during the period of feeding failed to show
the presence of agglutinins, but the blood serum six weeks after

weaning showed complete agglutination in the second tube with

.05 c.c. There was a trace precipitate with .025 c.c. This calf

has been tested ten times and only once showed the presence of

agglutinins, and then only in a slight degree. When last tested

the bull was 16 months 29 days old. The bull was sold 12/10/20,
and passed from under observation.

Ayrshire Heifer 132, Table XVII, was fed on noil-infected milk

until the age of 2 months 22 days. Feeding on infected milk con-

tinued for four months thirteen days. When weaned the calf was
7 months 5 days old. The heifer has been tested twelve time? since

feeding first began and no trace of antibodies has been observed.

When last tested she was 2 years and 4 months old. The heifer has

been put to the bull.

Ayrshire Bull 112, Table XVIII, was fed on infected mTk from
the age of two months. Feeding was continued for six months
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ing- began showed a complete precipitation -with .05 c.c. of serum
and slight with .025 c.c. At the termination of feeding slight pre-

cipitation was again present with .05 c.c. This reaction was again
observed seven months thirty days after feeding began. Eleven tests

done since feeding commenced failed to show antibodies in the blood

except at the three periods above mentioned, when the agglutination

can only be considered slight, and cannot be considered an active

infection. The bull was sold at the age of IT months, and passed

from under observation.

Ayrshire Brill 113, Table XIX, was fed infected milk since 1

month 23 days old. Before feeding began there was a trace of pre-

cipitation with .05 c.c. of serum. Feeding infected milk was
continued for six months eighteen days. When weaned antibodies

were present in the serum, complete precipitation being observed with
.05 c.c., slight with .025 c.c., and a trace with .01 c.c. The
antibodies rapidly diminished. In less than six weeks after the calf

was weaned, slight agglutination occurred only with .05 c.c. and
a trace with .025 c.c. Since feeding began eleven tests were done,
and except at the two periods indicated no trace of antibodies was
observed in the blood. The last test was done when the bull was
almost 18 months old. The bull was sold on 9th October, 1920, and
no further observation was possible.

Ayrshire Heifer 135, Table XX, was fed infected milk from 8
days old. Feeding was continued for seven months twenty-six days.
Since feeding began fourteen tests have been carried out without the
slightest trace of antibodies having been demonstrated in the blood.

The heifer was 2 years and 4 months when the last test was done. She
had been put to the bull, and was apparently pregnant when inspected
24/12/21.

Hereford Heifer 107, Table XXI, was not fed infected milk until

6 months 1 day old. Feeding on infected milk continued for one
month twenty-seven days. Since feeding began eleven tests have
been done without showing antibodies in the blood. The heifer was
iust over 3 years old when last tested. She calved normally
30/11/21.

Ayrshire Heifer 124, Table XXII, was fed on infected milk
since 5 months 27 days old. Feeding was continued for one month.
When the calf was weaned no antibodies were present in the blood,
but twenty-three days later there was slight precipitation with .05

c.c. of serum. With this exception nine tests failed to show- the
presence of antibodies even with the largest quantities of serum used.
The heifer was 3 years old when last tested. She calved normally
1 /
8

/
21

.
.

Ayrshire Heifer 136, Table XXIII, was fed infected milk since
month 20 days old. Feeding was continued for five months twenty-
'ur days. On the day before being weaned blood drawn showed
niplete precipitation with .1 c.c., slight precipitation with .05
t., and .025 c.c., and a trace with .01 c.c. The calf was not
ted again until nine months fifteen days after feeding began, and
'the meantime remained isolated. This test showed complete
pee of antibodies in the blood serum. The heifer was last tested

to. 1 year and 6 months old, and still remained negative. She was
12/9/21 without having been put to the bull.
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Friesland Heifer 97, Table XXIY, was fed infected milk since

4 months 19 days old. Four months sixteen days after feeding
began antibodies were observed for the first time, and persisted until

twenty-four days after feeding stopped. There was no evidence of

antibodies in higher dilutions than .05 c.c. of serum. This calf'

was tested fourteen times since feeding began and except during the

period 10/9/19 to 24/10/19, no trace of antibodies was shown. Dur-
ing the period when they were present agglutination even in the

lowest dilutions was only slight. When feeding was stopped the calf

was 9 months 25 days old. The last test was done when the heifer

was 2 years and 9 months old. She was fairly advanced in pregnancy
when inspected 24/12/21.

Friesland Heifer 98, Table XXY, was fed infected milk since

3 months 29 days old. Two months two days after feeding began
antibodies appeared in the blood, slight precipitation occurring with
.05 c.c. of serum. A month later no agglutination was observed,

but four months sixteen days after feeding began the presence of

antibodies was again demonstrated. After feeding for five months
six days, the calf was removed, and again fed clean milk. The
reaction persisted and was even slightly increased, up to twenty-fourth

day after feeding infected milk stopped. One month thirteen days
after being removed from infection, the antibodies had disappeared.

The calf was 9 months 4 days old when feeding stopped. Sioce the

antibodies disappeared after the infected milk was withheld, they
have not again been demonstrated. The calf was last tested at the

age of 2 years and 9 months. She was apparently pregnant when
inspected 24/12/21.

Hereford Heifer 111, Table XXVI, was fed infected milk at

the age of 5 months 9 days. Feeding continued for four months
twenty days. A test carried out twenty-one days after feeding began
showed slight precipitation with .05 c.c. of serum and a trace with
.025 c.c. This was the only test done which showed the presence

of agglutinins. The heifer was 2 years and 5 months old when last

tested. She has been served, but it is not yet evident wlie+her she

is pregnant.
Ayrshire Heifer 131, Table XXVII. was first fed infected milk

at the age of 2 months 19 days. Feeding was continued for six

months one day. With thirteen tests carried out during feeding, and
since the calf was weaned, no evidence of antibodies was observed in

the blood. The heifer was 2 years and 4 months old when last tested.

She has been served, but it is not yet evident whether she is pregnant.

Ayrshire Heifer 134, Table XXVIII, was fed infected milk since

18 days old. Feeding was continued until the calf was 8 months
13 days. Fourteen tests have been done at intervals since feeding

began, without a trace of antibodies being present. The heifer, when
last tested, was almost 2 years old. She was put to the bull, but was
sold 7/9/21, before evidence of pregnancy was observed.

Ayshire Bull 109, Table XXIX, was fed infected milk at

4 months 25 days old. Feeding was continued for one month twenty-

seven days. During feeding antibodies were not observed, but just

over a month after infected milk being withdrawn, there was a slight

precipitation with .1 c.c. and a trace with .05 c.c. Six months
two days after feeding stopped, a low agglutination titre was also

observed, and eleven months twenty-four days after feeding stopped.
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tests were done since the calf was fed or infected milk without appre-

ciable agglutinins having been observed. The bull was 23 months
9 days old when last tested. He was sold on the 10th October, 1920,

and no further observation was possible.

Ayrshire Bull 110, Table XXX, was fed infected milk at 14 days
old. Feeding continued for six months ten day 5-. Except for a

slight agglutination with .1 and .05 c.c. of serum, seven months
fifteen days after feeding began, no antibodies were observed with
seven tests done. When last tested the bull was 23 months 8 days
old. The bull was sold 10/10/20, and no further observation was
possible.

Ayrshire Bxtll 103, Table XXXI. was first fed infected milk
when 2 months old. The blood was not tested prior to feeding. The
calf was fed for six months four days. During the period of feeding
three tests did not show antibodies in the blood. One month after

weaning there was a complete precipitation with .1 c.c. of serum,
and slight with .05 c.c. This was the only test at which the presence
of antibodies was demonstrated. The calf was tested six times in

all. When last tested the bull was 20 months 10 days old. The
bull was sold on the 12th September, 1919, and no further observation

was possible.

Ayrshire Bull 104, 1 able XXXII, was fed infected milk since

19 days old. The blood was not tested before feeding began. The
calf was fed infected milk for five months eight days. Antibodies
have not been demonstrated in the blood either during the period
of feeding or since weaning. Six tests were done in all. When last

tested the bull was 17 months 2 days old. The bull was sold on the

12th September, 1919, and no further observation was possible.

Sussex Bull 101, Table XXXIII, was first fed infected milk at
the age of 4 months 15 days. The serum was not tested before
feeding began. The calf was fed infected milk for one month twenty-
seven days. Six tests done since the calf was first fed did not show
antibodies in the blood in a higher dilution than .1 c.c. and a

trace with .05 c.c. When last tested the bull was 22 months 29
days old. The bull was sold on the 10th October, 1920, and no

fiber observation was possible.

Shows the history of calves of both sexes born from non-infected
thers, which were suckled under infected cows.

Hereford Bull 68, Table XXXIV
,
was fed non-infected milk

il 15 days old, when he was put on to suckle a cow whose blood
milk were positive to the agglutination test. However, the

:, when inoculated into a guinea-pig the day after the calf being
to suck, failed to produce a positive serum in the guinea-pig,

it was tested seven weeks after inoculation. Feeding the cow's
’continued for seven months fifteen days. The presence of anti-
fi was not demonstrated either during the period of feeding or
®|he calf was weaned. The calf’s serum has been tested elevenu the last test being done at the age of 2 years. The bull

Series D.

was
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sold on the 7th September, 1921, and no further observation was
possible.

Hereford Heifer 112, Table XXXV, was treated in the same
manner as Hereford Bull 68, Table XXXIY. They were both
suckled under the same cow. Agglutinins have not been demon-
strated in the blood either during the time the calf’s food consisted

mostly of milk, or since feeding was stopped. When last tested,

the heifer was 19 months 17 days old
;
the heifer had not then been

served.

Friesland Heifer 106, Table XXXV1, was fed on non-infected
milk until 19 days old, when she was put to suckle a cow whose
blood serum was positive. The milk of this cow, at the time the
calf commenced feeding, gave a slight agglutination with .05 c.c

of milk serum, and a trace with .025 c.c. It is, therefore, considered
positive at the time. Feeding continued for six months sixteen days.
When the calf was weaned there was a slight precipitation with .05

c.c. of serum and a trace with .025 c.c. Since feeding began, ten
agglutination tests have failed to show antibodies in the blood, except
in slight concentration at the period mentioned. The heifer was
almost 2 years old when last tested; she had not been served.

Friesland Bull 92, Table XXXVII
,
was suckled under the same

cow, and treated in the same way as Friesland Heifer 106, Table
XXXYI, but was 25 days old when feeding began. The calf died

of black quarter in June, 1920, at the age of 8 months without having
shown antibodies in the blood during the period of feeding.

Friesland Bull 93, Table XXXV111
,
was fed non-infected milk

until 23 days old, when he was put on to suckle Sussex Cow 123,

whose blood was positive. An agglutination test of the milk five

days before feeding began showed a slight agglutination with .025

c.c. of serum, and is considered positive. No guinea-pig inoculation

was made. Feeding on this cow’s milk was continued for six months
and seventeen days. Agglutinins have not been observed in the

blood of the calf with nine tests made since feeding began. When
last tested, the calf was almost 2 years old. The bull was sold on
the 7tli September, 1921, and has passed from under observation.

Hereford Bull 67, Table XXXIX, was fed on non-infected milk
until 5 days old, when he was put to suckle a cross-bred cow, Sussex-
Africander 28P, which had, a few days previously, given birth to

a premature calf which was dead. The cow’s blood was positive,

and the milk was shown to contain the bacillus abortus by guinea-
pig inoculation when feeding began. The serum of the calf was
negative when feeding infected milk was begun. Further tests

were made twenty-four days, one month and twenty-four days,

and two months and seven days after feeding began, without the

slightest trace of antibodies being present. The calf suckled the

cow for eight months. There is no record of a test being done when
the calf was weaned. The next agglutination test, made four

months twenty days after the calf had been removed from the source

of infection, showed slight agglutination with .1 c.c. and a trapei

with .05 c.c. The bull was 2 years old when last tested; at this

test there was an agglutination with .1 c.c. of serum. These
reactions cannot be looked upon as in any way specific although he
undoubtedly received large numbers of bacilli with the milk.
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Series E.

Shows the history of calves born from infected mothers, and
which were showing antibodies in the blood serum on the day of birth,

when removed from infection and fed non-infected milk.

Friesland Bull 89, Table XL .—The calf was not taken away from
his mother for three days after birth. The cow had not given a
positive milk reaction during her last lactation period, and when
tested just prior to parturition the colostrum did not show antibodies.

The calf at birth showed complete agglutination with .1 c.c. of

serum, and slight agglutination with .05 c.c. and .025 c.c. A second
test of the blood was made one month and twenty-one days after

feeding on non-infected milk began. This test showed a very high
agglutination titre, there being complete precipitation with .0025 c.c.

of serum, slight with .001 c.c., and a trace with .0005 c.c. Two
months and eleven days after feeding began the antibodies had almost
disappeared, no trace being present with .025 c.c. of serum. At three

months and four days the agglutination titre was again slightly

higher, a trace being present with .01 c.c. of serum. This reaction
was maintained up to three months and eleven days, but at three
months and twenty-five days not a trace of antibodies was present,

even in the lower dilutions. The calf was not tested again until nine
months sixteen days after feeding, when antibodies were not present,

The calf was sold without having again been tested.

Friesland Bull 90, Table XLI, was allowed to remain with his

mother until the second day after birth. The milk of the mother was
strongly positive six weeks before the birth of the calf, but three days
after parturition antibodies, although present, were not very marked,
there being slight precipitation with .05 c.c. of milk serum, and a

trace with .025 c.c. During the earlier part of gestation the cow’s
milk also gave a positive reaction. The calf when tested at birth was
strongly positive, dliere being complete agglutination with .01 c.c. of

serum, and slight with .005 c.c., a trace was observed in a dilution of

1-400. On the second day after birth, when feeding on non-infected
milk began, an exactly similar reaction was observed. On the ninth
day after feeding began the antibodies had almost disappeared, being
present only in the first and second tubes of the series, and even then
precipitation was not complete. One month after feeding began no
antibodies were demonstrable in the serum, but twenty-three days
later there was complete precipitation with .1 c.c. of serum, slight
with .05 c.c., and a trace with .025 c.c. One month and thirty days
after feeding there was no trace of antibodies, nor had they recurred
in the blood at two months and thirteen days and eight months and
five days after having been fed non-infected milk, when two further
tests were made. The calf was again tested when 12 months 26 days
old, when no antibodies were present. He was sold on the ,10th

October, 1920, and no further observation was possible.

Series F.

Shows the history of a calf born from a non-infected mother and
fed on non-infected milk since birth.

Friesland Bull 88, Table XLI1, was born from a com7 whose milk
and blood serum had always given a negative reaction to the agglu-
tination test. The calf was isolated so as to be removed from any
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possible source of infection from birth and fed on non-infected milk.
AVlien last tested the calf was 15 months 24 days old, and he has been
tested twelve times since birth without antibodies having been demon-
strated in the blood. The bull was sold on the 10th October, 1920,
and no further observation was possible.

The tables which follow give a history of the reaction of the
blood and milk of the mother at the time the experimental calves
were born, the age of the calves when feeding began, the period
occupied in feeding infected milk, and the time the calf has been
under observation, and the details of all the agglutination tests

carried out.

Series A.

Shows the serum reaction of calves of both sexes born from
infected mothers, which were removed from their dams within a few
hours after birth and fed on infected milk.

Table 1.

Friesland Heifer 87. Born 3.2.18.

Bam : Friesland Cow 51. Reaction : Milk—Xot done. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800
4

1/1000

5 months after feeding 3. 7.18 S.P. S.P. _ _ _ _ _ _
5 months 17 days after feeding. 20 .7.18 S.P. S.P. — — — — — —
6 months 24 days after feeding. 27. 8.18
17 months 27 days after feeding 30. 7.19
21 months 1 day after feeding.. 4.11.19
27 months after feeding 3. 5.20
31 months 24 days after feeding 27. 9.20
33 months 14 days old 17.11.20

2 years 11 months old 10. 1.21
3 vearsT2 months old 23. 4.21

3 years 7 months old 28. 9.21

Feeding stopped and calf put in isolation 3.7.18.
Calf released from quarantine 3.8.18.
Age when feeding stopped, 5 months.
Duration of feeding, 5 months.
Calved normally 19.8.21. Still in herd.

Table 11.

Friesland Heifer 88. Born 10.2.18.

Dam: Friesland Cow 71. Reaction: Milk—Not done. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

6 months after feeding 10. 8.18 + _ _ _ _ __ _ —
8 months after feeding 10.10.18

9 months after feeding 10.11.18
171 months after feeding . 30. 7.19 — — — — — — — —
21 months 4 days after feeding. 14.11 .19

26 months 23 days after feeding 3. 5.20 — — — — — — — —
31 months 17 days after feeding 27. 9.20 — — — — — — — —
33 months 7 days old 17.11.20

2 years 11 months old 10. 1.21

3 years 1 month old 26. 3.21

Feeding stopped and calf isolated 10.10.18.
Calf released from quarantine 10.11.18.
Age when feeding was stopped, 8 months.
Duration of feeding, 8 months.
Accidentally served by bastard bull.

Calved normally 16.5.20, and was again put to the bull 2.11 .20. Sold 2.4.21.
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Table 111.

Friesland Heifer 101. Born 22.3.19.

Dam : Friesland Cow 42. Reaction : Milk—Positive. Jifoo/I Serum : Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1. 100 1/200 1/400 1/800 1/1000

Before feeding 22. 3.19 + S.P. S.P. p. _ _ _
5 days after feeding 27. 3.19 + S.P. S.P. p. — — — —
25 days after feeding 16. 4.19 + + -f- + S.P. S.P. — —
36 days after feeding 25. 4.19 + + + S.P.

Calf died from Hycol poisoning 16.5.19.

Table IV.

Friesland Heifer 89. Born 25.3.18.

Dam : Friesland Cow 42. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

5 months 2 days after feeding.

.

27. 8.18 + + +
6 months 9 days after feeding. . 4.10.18 + + S.P. — — — — —
7 months 10 days after feeding

.

4.11.18 + + S.P. — — — — —
8 months 2 days after feeding.

.

27.11.18 — — — — — — — —
16 months 5 davs after feeding. 30. 7.19 — — — — — — — —
19 months 20 days after feeding 14.11.19 S.P. P. — — — — — —
25 months 11 days after feeding 6. 5.20 — — — — — — — —
30 months 2 davs after feefling. 27. 9.20 — — — — — — — —
31 months 23 days old 17.11.20 — — — — — ' __ — —
2 years 9 months old 10. 1.21 — — — — — — — —
3 vears 1 month old 23. 4.21 — — — — — — — —
3 years 6 months old 28. 9.21 _ ~

Feeding stopped and calf isolated 4.10.18.
Calf released from quarantine 28.11.18.
Age of calf when feeding was stopped, 6 months 9 days.
Duration of feeding, 6 months 9 days.
Calved normally 25.5.21. Still in herd.

Table V.

Friesland Heifer 90. Born 8.4.18.

Dam : Friesland Cow 72. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

5 months 26 days after feeding. 4.10.18
6 months 27 days after feeding. 4.11.18 — — — — — _ _ _
7 months 19 days after feeding. 27.11.18 — — — — — _ _ _
15 months 22 days after feeding 30. 7.19 — — — — — _ _ _
19 months 6 days after feeding. 14.11.19 — — — — _ — — _
24 months 29 days after feeding 6. 5.20 — — — — — _ — __

29 months 19 days after feeding 27. 9.20 — — — — — _ _
2 years 9 months old 10. 1.21 — — — — _ _ _ __

3 years old 23. 4.21 — — — • — — _ _ _
3 years 5 months old 28. 9.21 '

7
' —

Feeding stopped and calf isolated 4.10.18.
Calf released from quarantine 4.11.18.
Age of calf when feeding was stopped, 5 months 20 days.
Duration of feeding, 5 months 20 days.
••Calved normally 10.4.21. Still in herd.
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Table VI.

Friesland. Heifer 102. Born 15.4.19.

Dam: Friesland Cow 71. Reaction: Milk—Positive. Blood serum—Positive.

Table VII.

Friesland Heifer 99. Born 12.3.19.

Dam : Friesland Cow 10c. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000>

Before feeding 12. 3.19 S.P. S.P. S.P. _ _ _ _ _
15 days after feeding 27. 3.19 + + + + P. — — —
29 days after feeding 10 4.19 + + + -f- S.P. — —
44 days after feeding 25 4.19 + + + S.P. — — — —
2 months 11 days after feeding. 23. 5.19 + + S.P. p. — — — —
3 months 15 days after feeding. 27. 0.19 + + p. — — — — —
4 months 18 days after feeding. 30. 7.19 — — — — — • — — —
5 months 29 days after feeding. 10 9.19 — — — — — — — —
0 months 19 days after feeding. 1. 10.19 — — — — — — — —
7 months 19 days after feeding. 31 10.19 S.P. S.P. — — — — — —
8 months 2 days after feeding.

.

14 11.19 S.P. S.P. — — — — — —
9 months 0 days after feeding.

.

18 12.19 S.P. p. p. — — — — —
10 months 1 1 days after feeding 23 1.20 S.P. S.P. p. — — — — —
13 months 24 days after feeding 6 5.20 — — — — — — — —
19 months 25 days old 6 11.20 — — — — — — — —
1 year 10 months old 10 1.21 — — — — — — — —
2 years 1 month old 23 4.21 — — — — — — — —
2 years 6 months old 28 9.21 S.P. S.P. — — '

Feeding stopped and calf isolated 12.12.19.
Calf released from quarantine 23.1.20.
Age of calf when feeding was stopped, 9 months.
Duration of feeding, 9 months.
Served and apparently pregnant when inspected on 24.12.21. Still in herd.

Table VIII.

Friesland Bull 87. Born 7.4.19.

Dam : Friesland Cow 47. Reaction : Milk—Positive. Blood serum—Positive.

Calf died from Hycol poisoning 14.5.19.
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Table IX.

Ayrshire Bull 108. Born 23.8.18.

Dam : Ayrshire Cow 200. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 23. 8.18 _ _
7 months 4 days after feeding.

.

27. 3.19 — — — — — — — —
8 months 4 davs after feeding. . 27. 4.19 — — — — — — — —
11 months 7 days after feeding. 30. 7.19 — — — — — — — —
12 months 18 days after feeding 10. 9.19

Feeding stopped and calf isolated 27.3.19.
Calf released from quarantine 27.4.19.
Duration of feeding, 7 months 3 days.
Calf sold 12.9.19.

Table X.

Ayrshire Heifer 12G. Born 20.5.18.

Dam : Ayrshire Cow 92. Reaction : Milk—Negative. Blood serum—Positive.

Agglutination.

Blood Serum Tested. Date.

1/10 1/20 1/40 1/100 1/200 1 400 1/800 1/1000

Before feeding 20. 5.18 _
4 months 15 days after feeding. 5.10.18 — — — — — — — —
5 months 15 days after feeding. 4.11.18 — — — — — — — —
6 months 7 days after feeding.

.

27.11.18 — — — — — — — —
10 months 10 days after feeding 30. 3.19 _ —

Feeding stopped and calf isolated 4.11.18.
Calf released from quarantine 28.11.18.
Age when feeding stopped, 5 months 15 days.
Duration of feeding, 5 months 15 days.
Calf died from peritonitis, due to rupture of an abscess in the liver, 30.3.19.

Table XI.

Cross-bred Lincoln Bed - Friesland Heifer 1. Born 27.7.19.

Dam : Lincoln Red Cow 68. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1 /40 1 100 1/200 1 400 1/800 1/1000

Before feeding began 27. 7.19 _ _ _ _ _ _
10 days after feeding 6. 8.19 — — — — — — — —
1 month 14 days after feeding.

.

10. 9.19 — — — — — — — —
2 months 4 days after feeding.

.

1.10.19 P. P. — — — — — —
3 months 4 days after feeding.

.

31.10.19 -f + + p. — — — —
3 months 18 days after feeding. 14.11.19 + + S.P. — — — —
4 months 17 days after feeding. 12.12.19 -f .+ + S.P. — — — —
6 months 24 days after feeding. 20. 2.20 + + + S.P. — — — —
9 months 10 days after feeding. 7. 5.20 + — — — — — — —
10 months 5 days after feeding. 1. 6.20 + — — — — — — —
14 months old 27. 9.20 + — — — — — — —
1 year 6 months old 10. 1.21 S.P. — — — — — — —
1 year 6 months old 28. 2.21 — — — — — — — —
1 year 8 months old 23. 4.21 + + S.P. — — — — —
2 years 2 months old 28. 9.21 _ ~~ — ~ -

Feeding stopped 20.2.20.
Calf allowed to run with the infected herd.
Served, and pregnant when inspected on 24.12.21. Still in isolated herd.
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Series B.

Shows the serum reaction of calves of both sexes, born from*
infected mothers and suckled on them.

Table XII.

Sussex Bull 96. Born 26. 3. IS.

Dam : Sussex Cow 123. Reaction : Milk—Not tested. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 26. 3.18
2 months after feeding 26. 5.18 — — — — — — — —
7 months 9 davs after feeding.

.

4.11.18 — — — — — — — —
8 months 1 dav after feeding. .

.

27.11.18 — — — — — — — —
16 months 4 davs after feeding 30. 7.19 — — — — _ — — —
17 months 15 clays after feeding 10. 9.19 ~ -

Feeding stopped and naif isolated 4.11.18.
Calf released lron\ isolation 28.11.18.
Age when feeding stopped, 7 months 9 days.
Duration of feeding, 7 months 9 days.
Calf sold to a farmer 12.9.19.

Table XIII.

Hereford Bull 62. Born 11.5.18.

Dam : Hereford Cow 55«. Reaction : Milk—Not tested. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 11. 5.18 _ _
2 months 5 days after feeding.

.

16. 7.18 — — — — — — — —
8 months 5 days after feeding. . 16. 1.19 — — — — — — — —
9 months 11 days after feeding. 22. 2.19 — — — * — — — — —
14 months 19 davs after feeding 30. 7.19 — — — — — — —
15 months 30 days after feeding 10. 9.19 ~ — _

Feeding stopped and calf isolated 16.1.19.
Calf released from isolation 22.2.19.
Age when feeding stopped, 8 months 5 days.
Duration of feeding, 8 months 5 days.
Calf sold to a farmer 12.9.19.

Table XI V.

Lincoln Red Heifer 90. Bom 24.11.17.

Dam : Lincoln Red Cow 68. Reaction : Milk—Not tested. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 24.11.17
3 months after feeding 24. 2.18 — — — — —

,
—

,
— —

7 months after feeding 24. 6.18 — — _ — — — — —
8 months after feeding 24. 7.18 — — — — — — — —
15 months 24 days after feeding 20. 3.19 — _ ““

Feeding stopped and calf isolated 24.6.18.
Calf released from isolation 24.7.18.
Duration of feeding, 7 months.
Age when feeding was stopped, 7 months.
Calf sold to a farmer 21.3.19. Had not been served.
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Table XV.

Sussex Heifer 171. Born 20.10.18.

Dam : Sussex Cow 148. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

7 months after feeding 20. 5.19 + + P.
8 months after feeding 20. 6.19 _ _ _ _
9 months 10 days after feeding. 30. 7.19 — _ _ _ _ _ _ _
13 months 4 days after feeding. 24.11.19 — _ _ _ _ _ _ _
18 months 16 days after feeding 6. 5.20
23 months 7 days after feeding. 27. 9.20 — — _ — _ _ _
3 years 2 months old 10. 1.21
3 years 6 months old 23. 4.21 S.P. _ _ _ _ _ _ _
3 years 11 months old 28. 9.21 _ _ - — —

Feeding stopped and ealf isolated 20.5.19.
Calf released from isolation 20.6.20.
Age when feeding was stopped, 7 months.
Duration of feeding, 7 months.
Calved normally 30.11.21. Still in herd.

Series C.

Shows the blood serum reaction of calves of both sexes born from
non-infected mothers, which were bucket fed on infected milk.

Table XVI.

Ayrshire Bull 114. Born 29.4.19.

Dam : Ayrshire Cow 73. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Dale.

Agglutination.

1/10 1/20 1/40 1/100 1 ,/200 1/400 1/800 1/1000

Before feeding 27. 6.19
1 month 3 days after feeding. .

.

30. 7.19 — — — — — — — —
2 months 14 days after feeding. 10. 9.19 — — — — — — — —
3 months 4 days after feeding.

.

1.10.19 — — — — — — — —
4 months 4 days after feeding.

.

31.10.19 — — — — — — — —

-

4 months 18 days after feeding. 14.11.19
5 months 21 days after feeding. 18.12.19
6 months 27 davs after feeding. 23. 1.20 4- + P. — — — — —
10 months 9 days after feeding. 6. 5.20
16 months 29 days old 27. 9.20 ‘ ' ‘

Feeding stopped and calf isolated 12.12.19.
Calf released from isolation 23.1. 20.
Duration of feeding, 5 months 12 days.
Age when feeding stopped, 7 months 13 days.
Sold in October, 1920.
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Table XVII.

Ayrshire Heifer 132. Born 7.5.19.

Dam : Ayrshire Cow 27. Reaction : Milk—Negative. Blood serum—Negative.

Agglutination.

Blood Serum Tested. Date.

1/10 1/20 1/40 1/100 1/200 1. 400 1/ 800 1/ IOC O'

Before feeding 29 7 19 _ _ _
1 month 12 days after feeding.

.

10 9 19 — — — — — — — —
2 months 2 days after feeding.

.

1 10 19 — — — — — — — —
3 months 2 days after feeding.

.

31 10 19 — — — — — — — —
3 months 16 days after feeding. 14 11 19 — — — — — — — —
4 months 19 days after feeding. 18 12 19 — — — — — — — —
5 months 25 davs after feeding. 23 1 20 — — — — — — — —
9 months 7 davs after feeding.

.

G 5 20 — — — — — — — —
1G months 20 days old 27 9 20 — — — — — — — —
1 year 8 months old 10 1 21 — — — — — — — —
1 year 11 months old 23 4 2 L

— — — — — — — —
2 years 4 months old 28 9 21

Feeding stopped and calf isolated 12.12.19.
Calf released from isolation 23.1. 20.

Duration of feeding, 1 months 13 days.
Age when feeding stopped, 7 months 5 days.
Has been served.

Table XV111.

Ayrshire Bull 112. Born 24.3.19.

Dam : Ayrshire Cow 108. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 24. 5.19 __ _ _ _ _ _ _ _
1 month 3 davs after feeding. .

.

27. 6.19 — — — — — — — —
2 months 6 days after feeding.

.

30. 7.19 — — — — — — — —
3 months 17 days after feeding. 10. 9.19 — — — — — — — —
4 months 7 days after feeding.

.

1.10.19 4- + S.P. — — — — -
5 months 7 days after feeding. . 31.10.19 — — — — — — — —
5 months 21 days after feeding. 14.11.19 — — — — — — — —
6 months 24 days after feeding. 18.12.19 S.P. S.P. p. — — — — —
7 months 30 days after feeding. 23. 1.20 S.P. S.P. — — — — — —
11 months 13 days after feeding G. 5.20

Feeding stopped and calf isolated 12.12.19.
Calf released from isolation 23.1.20.
Duration of feeding. G months 18 days.

Age when feeding stopped, 8 months 18 days.
Bull sold 10.9.20.



585

Table XIX.

Ayrshire Bull 113. Born 1.4.19.

Dam : Ayrshire Cow 98. Reaction : Milk— Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 24. 5.19 S.P. P. _ _
1 month 3 days after feeding. .

.

27. 6.19 — — — — — — — —
2 months 6 days after feeding.

.

30. 7.19 — — — — — — — —
3 months 17 days after feeding. 10. 9.19 — — — — — — — —
4 months 7 days after feeding.

.

1.10.19 — — — ' — — — — —
5 months 7 days after feeding.

.

31.10.19 — — — — — — — —
5 mon tlis 21 days after feeding. 14.11.19 — — — — — — — —
(i months 24 days after feeding. 18.12.19 -f- 4- S.P. P. — — — —
7 months 30 days after feeding. 23. 1.20 S.P. S.P. P. — — — — —
11 months 13 days after feeding 6 . 5 . 20 — — — — — — — —
17 months 26 days old 27. 9.20 ~ —

Feeding stopped and calf isolated 12.12.19.
Calf released from isolation 23.1. 20.
Duration of feeding, 0 months 18 days.
Age when feeding stopped, 8 months 11 davs.
Sold 9.10.20.

Table XX.

Ayrshire Heifer 135. Born 27.5.19.

Dam : Ayrshire Cow 104. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 4. 6.19 _
23 days after feeding 27. 6.19 — — — — — — — —
1 month 26 days after feeding.

.

30. 7.19 — — — — — — — —
3 months 6 davs after feeding. . 10. 9.19 — — — — — — — —
3 months 27 days after feeding. 1.10.19 — — — — — — — —
4 months 27 days after feeding. 31.10.19 — — — — — — — —
5 months 10 days after feeding. 14.11.19 — — — — — — — —
7 months 26 days after feeding. 30. 1.20 — — — — — — — —
8 months 16 days after feeding. 20. 2.20 — — — — — — — —
11 months 2 days after feeding. 6. 5.20 — — — — — — —
16 months old 27. 9.20 — — — — — — —
1 year 7 months old 10. 1.21 — — — — — — —
2 years old 26. 5.21 — — — — — — — —
2 years 4 months old 28. 9.21 _ _ H

Feeding stopped and calf isolated 30.1.20.
Calf released from isolation 20.2.20.
Duration of feeding, 7 months 26 days.
Age when feeding stopped, 8 months 3 days.
Served, and apparently pregnant when inspected on 24.12.21.
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Table XXL

Hereford Heifer 107. Born 14.9.18.

Dam : Hereford Cow 78s. Reaction : Milk—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 15. 3.19 _ _
1 month 10 days after feeding.. 25. 4.19 — — — — — — — —
2 months 8 days after feeding.

.

23. 5.19 — — — — — — — —
3 months 2 davs after feeding.

.

17. 6.19 — — — — — — — —
4 months 15 days after feeding. 30. 7.19 — — — — — — — —
7 months 30 days after feeding. 14.11.19 P. P. — — — — — —
13 months 21 days after feeding 6. 5.20 — — — — — — — —
2 years 14 days old 27. 9.20 — — — — — — — —
2 years 4 months old 10. 1.21 — — — — — — — —
2 years 7 months old 23. 4.21 — — — — — — — —
3 years old 28. 9.21 — _

Feeding stopped and calf isolated 12.5.19.
Calf released from isolation 17.6.19.
Duration of feeding, 7 months 27 days.
Age when feeding stopped, 7 months 28 days.
Calved normally 30.11.21. Still in herd.

Table XXII.

Ayrshire Heifer 124. Born 8.4.18.

Dam : Ayrshire Cow 91. *Reaction : Milk—Not done. . Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 5.10.18
30 days after feeding 4.11.18 — — — — — — — —
1 month 22 days after feeding.

.

27.11.18 S.P. — — — — — —
9 months 25 days after feeding. 30. 7.19 — — — — — — — —
13 months 9 days after feeding. 14.11.19 — — — — — — — —
19 months 1 day after feeding.

.

6. 5.20 — — — — — — — —
29 months 19 days old 27. 9.20 — — — — — — — —
31 months 9 days old 17.11.20 — — — — — — — —
2 years 9 months old 10. 1.21 — — — — — — — —
3 years old 23. 4.21 _

* This cow gave a positive reaction when tested one month after calving.
Feeding stopped and calf isolated 4.11.18.
Calf released from isolation 4.12.18.
Age when feeding was stopped, 6 months 27 days.
Duration of feeding, 30 days. Put to bull 10.10.20.
Calved normally 1.8.21. Still in herd.
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Table XXIII.

Ayrshire Heifer 136. Born 22.10.19.

Dam : Ayrshire Cow 99. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 12.12.19 _
6 days after feeding 18.12.19 — — — — — — — —
1 month 11 days after feeding.

.

23. 1.20 — — — — — — — —
1 month 18 days after feeding.

.

30. 1.20 — — — — — — — —
5 months 24 days after feeding. 6. 5.20 + S.P. S.P. p. — — — —
9 months 15 days after feeding. 27. 9.20 — — — — — — — —
1 year 2 months old 10. 1.21 — — — — — — — —
1 year 6 months old 23. 4.21 _ _

Feeding stopped and calf isolated 7.5.20.
Calf released from isolation 30.9.20.
Duration of feeding, 5 months 24 days.
Age when feeding stopped, 6 months 14 days.
Sold 12.9.21. Had not been served.

Table XXIV.

Friesland Heifer 97. Born 6.12.18.

Dam : Friesland Cow 74. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 25. 4.19 _
29 days after feeding 23. 5.19 — — — — — — — —
2 months 2 days after feeding.

.

27. 6.19 — — — — — — — —
3 months 5 days after feeding.

.

30. 7.19 — — — — — — — —
4 months 16 days after feeding. 10. 9.19 S.P. P. — — — — — —
5 months 6 days after feeding.

.

1.10.19 S.P. S.P. — — — — — —
5 months 20 davs after feeding. 15.10.19 * S.P. P. — — — — —
5 months 29 days after feeding. 24.10.19 * S.P. P. — — — — —
6 months 20 davs after feeding. 14.11.19 — — — — — — — —
12 months 11 days after feeding 6. 5.20 — — — — — — — —
21 months 21 days old 27. 9.20 — — — — — — — —
2 years 1 month old 10. 1.21 -f — — — — — _ —
2 years 4 months old 23. 4.21 — — — — _ — — —
2 years 0 months old 29. 9.21 ~~ — _ _ ~~ -

* No record.
Feeding stopped and calf isolated 1.10.19.
Calf released from isolation 15.11.19.
Duration of feeding, 5 months 6 days.
Age when feeding stopped, 9 months 25 days.
Served, and was fairly advanced in pregnancy when inspected 24.12.21.
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Table XXV.

Friesland Heifer 98. Born 27.12,.18.'

Dam : Friesland Cow 40. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1 '400 1/800 1/1000

Before feeding 25. 4.19 _
29 davs after feeding 23. 5.19 — — — — — — — —
2 months 2 davs after feeding. . 27. 6.19 + S.P. P. — — — — —
3 months 5 days after feeding . . 30. 7.19 — — — — — — — —
4 months 16 davs after feeding. 10. 9.19 -j- S.P. P. — — — — —
5 months 6 days after feeding.

.

1.10.19 -f S.P. — — — — — —
5 months 20 davs after feeding. 15.10.19 * + S.P. p. — — — —
5 months 29 davs after feeding. 24.10.19 * 4- S.P. p. — — — —
6 months 20 days after feeding. 14.11.19 — — — — — — — —
12 months 11 davs after feeding 6. 5.20 — — — — — — — —
21 months old 27. 9.20 — — — — — — — —
2 years old 10. 1.21 S.P. P. — — — — — —
2 years 4 months old 24. 4.21 — — — — — — — —
2 years 9 months old 29. 9.21 — _ —

* No record.
Feeding stopped and calf isolated 1.10.19.
Calf released from isolation 15.11.19.
Duration of feeding, 5 months 6 days.
Age when feeding stopped, 9 months 4 days.
Served, and apparently pregnant when inspected 24.12.21.

Table XXVI.

Hereford Heifer 111. Born 1.4.19.

Dam : Hereford Cow 76. Reaction : Milk—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1 /800 1/1000

Before feeding began 10. 9.19 _ _ _
21 davs after feeding 1.10.19 S.P. S.P. P. — — — — —
1 month 21 days after feeding.. 31.10.19 — — — — — — — —
2 months 4 days after feeding.

.

14.11.19 — — — — — — — —
4 months 20 days after feeding. 30. 1.20 — — — — — — — —
5 months 10 days after feeding. 20. 2.20 — — — — — — — —
7 months 26 days after feeding. 6. 5.20 — — — — — — — —
17 months 26 days old 27. 9.20 — — — — — — — —
21 months 9 days old 10. 1.21 — — — — — — — —
2 years old 23. 4.21 — — — — — — — —
2 years 5 months old 29. 9.21 S.P. S.P. — "" _ —

Feeding stopped and calf isolated 30.1.20.
Calf released from cpiarantine 20.2.20.
Duration of feeding. 4 months 20 days.
Age when feediug stopped, 9 months 29 days.
Has been served.
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Table XXVII.

Ayrshire Heifer 131. Bom 10.5.19.

Dam : Ayrshire Cow 106. Reaction : Milk—Negative. Blood serum—Negative.

Agglutination.

Blood Serum Tested. Date.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 29. 7.19 _ _ _ _ _
1 month 12 days after feeding.

.

10. 9. 19 — — — — — — — —
2 months 2 days after feeding.

.

1. 10.19 — — — — — — — —
3 months 2 days after feeding. . 31.10.19 — — — — — — — —
3 months 16 davs after feeding. 14.11.19 — — — — — — — —
4 months 19 days after feeding. 18.12.19 — — — — — — — —
6 months 1 day after feeding. .

.

30. 1.20 — — — — — — — —
6 months 22 davs after feeding. 20. 2.20 — — — — — — — —
9 months 7 days after feeding. . 6. 5.20 — — — — — — — —
16 months 17 days old 27. 9.20 — — — — — — — —
20 months old 10. 1.21 — — — — — — — —
2 years old 26. 5.21 — — — — — — — —
2 years 4 months old 28. 9.21 _ — — _ _ —

Feeding stopped and calf isolated 30.1.20.
Calf released from quarantine 20.2.20.
Duration of feeding, 6 months 1 day.
Age when feeding stopped, 8 months 20 days.
Has been served. Still in herd.

Table XXVIII.

Ayrsliire Heifer 134. Born 17.5 19.

Dam : Ayrshire Cow 103. Reaction : Milk—Negative. Blood serum—-Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/100C

Before feeding began 4. 6.19 _ _ _ _ _
23 days after feeding 27. 6.19 — — — — — — — —
1 month 26 days after feeding.

.

30. 7.19 — — — — — — — —
3 months 6 days after feeding.

.

10. 9.19 — — — — — — — —
3 months 27 days after feeding. 1.10.19 — — — — — — — —
4 months 27 davs after feeding. 31.10.19 — — — — — — — —
5 months 10 davs after feeding. 14.11.19 — — — — — — — —
6 months 14 davs after feeding. 18.12.19 — — — — — — — —
7 months 26 days after feeding. 30. 1.20 — — — — — — — —
8 months 10 days after feeding. 20. 2.20 — — — — — — — —
11 months 2 days after feeding. 0. 5.20 — — — — — — — —
16 months 10 days old 27. 9.20 — — — — — — — —
19 months 24 days old 10. 1.21 — — — — — — — —
23 months 6 days old 23. 4.21 — _ _

Feeding stopped and calf isolated 30.1.20.
Calf released from quarantine 20.2.20.
Duration of feeding, 7 months 26 days.
Age when feeding stopped, 8 months 13 days.
Sold 7.9.21. Has been served, and may be pregnant.

81
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Table XXIX.

Ayrshire Bull 109. Born 18.10.18.

Dam : Ayrshire Cow 99. Reaction : Milk—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 15. 3.19 * * « » » « * *

1 month 10 davs after feeding.

.

25. 4.19
2 months 8 davs after feeding.

.

23. 5.19
3 months 2 days after feeding. . 17. 6.19 S.P. P. — — — — — —
4 months 15 davs after feeding. 30. 7.19
7 months 30 days after feeding. 14.11.19 * S.P. P. — — — — —
13 months 21 days after feeding 6. 5.20 * P. — — — — — —
23 months 9 days old 27. 9.20

* No record.
Feeding stopped and calf isolated 12.5.19.
Calf released from isolation 17.6.19.
Duration of feeding, 1 month 27 days.
Age when feeding stopped, G months 24 days.
Sold 10.10.20.

Table XXX.

Ayrshire Bull 110. Born 19.10.18.

Dam : Ayrshire Cow 111. Reaction : Milk—Negative. Blood serum—Negative.

Agglutination.

Blood Serum Tested. Date.
1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began
5 months 23 days after feeding.
6 months 21 days after feeding.
7 months 15 days after feeding.
8 months 28 days after feeding.
12 months 12 days after feeding
23 months 8 days old

2.11.18
25. 4.19
23. 5.19
17. 6.19
30. 7.19
14.11.19
27. 9.20

S.P. S.P. - - - - -

Feeding stopped and calf isolated 12.5.19.
Calf released from isolation 17.6.19.
Duration of feeding, 6 months 10 days.
Age when feeding stopped, 6 months 23 days.

~ Sold 10.10.20.

Table XXXI.

Ayrshire Bull 103. Bom 31.1.18.

Dam : Ayrshire Cow 73. Reaction : Milk—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Feeding began 31. 3.18 * * * * * * *

4 months 26 days after feeding. 26. 8.18 — — — — — — —
6 months 4 davs after feeding. . 4.10.18 — — — — — — — —
7 months 4 davs after feeding.

.

4.11.18 + S.P. — — — — — —
7 months 27 davs after feeding. 27.11.18 — — — — — — — —
15 months 30 days after feeding 30. 7.19 — — — — — — — —
17 months 10 days after feeding 10. 9.19 — _ “ —

* This calf was not tested before feeding began.
Feeding stopped and calf isolated 4.10.18.
Calf released from isolation 28.11.18.
Duration of feeding, 6 months 4 days.
Age when feeding stopped, 8 months 4 days.
Calf sold 12.9.19.
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Table XXXII.

Ayrshire Bull 104. Born 8.4.18.

Dam: Ayrshire Cow 27. Reaction: Milk—Not tested. Blood serum—Negative.

Agglutination.

Blood Serum Tested. Date.
1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Feeding began 27. 4.18 * , * • * * * *

3 months 30 days after feeding. 26. 8.18 — — — — — — — —
5 months 7 days after feeding.

.

4.10.18 — — — — — — — —
6 months 8 davs after feeding.

.

4.11.18
7 months after feeding 27.11 .18 — — — — — — — —
15 months 3 davs after feeding. 30. 7.19 — — — — — — — —
16 months 14 days after feeding 10. 9.19 ~ “ “ _ —

* This calf was not tested before feeding began.
Fepding stopped and calf isolated 4.10.18.
Calf released from isolation 28.11.18.
Duration of feeding, 5 months 8 days.
Age when feeding stopped, 5 months 26 days.
Calf sold 12.9.19.

)

Table XXXIII.

Sussex Bull 101. Born 29.10.18.

TV"! : Sussex Cow 153. Reaction : Mili<—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 15. 3.19 * * * * * * * ,

1 month 10 days after feeding.

.

25. 4.19 — — — — — — — —
2 months 10 davs after feeding. 25. 5.19 — — — — — — — —
3 months 2 davs after feeding.

.

17. 6.19 — — — — — — — —
4 months 15 days after feeding. 30. 7.19 — — — — — — — —
13 months 21 davs after feeding 6. 5.20 * P. — — — — — —
22 months 29 days old 27. 9.20 + P. _

* No record.
Feeding stopped and calf isolated 12.5.19.
Calf released from isolation 17.6.19.
Duration of feeding, 1 month 27 days.
Age when feeding stopped, 6 months 13 days.
Sold 10.10.20.
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Series D.

Shows the blood serum reaction of calves of both sexes born from
non-infected mothers, and which were suckled under infected cows.

Table XXXIV.

Hereford Bull 68. Born 7.9.19.

Dam : Hereford Cow 52. Reaction : Milk—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began
9 days after feeding
1 month 9 days after feeding. .

.

1 month 23 days after feeding.

.

2 months 26 days after feeding.

4 months 8 days after feeding.

.

7 months 14 days after feeding.

12 months 20 days old
16 months 3 days old
19 months 13 days old

2 years old

22. 9.19
1.10.19

31.10.19
14.11.19
18.12.19
30. 1.20
6. 5.20

27. 9.20
10. 1.21
23. 4.21
2. 9.21

This calf was reared under Lincoln Red Cow 68. Reaction : Blood serum and milk, positive.*

Feeding stopped and calf isolated 7.5.20.
Calf released from quarantine 30.9.20.
Duration of feeding, 7 months 15 days.
Age when feeding stopped, 8 months.
Sold 7.9.21.

* Bacillus was not demonstrated in the milk by guinea-pig inoculation.

Table XXXV.

Hereford Heifer 112. Born 6.9.19.

Dam : Hereford Cow 86. Reaction : Milk—Not tested. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 22. 9.19 _ __ 1 _ _ _
9 days after feeding 1.10. 19
1 month 9 days after feeding. .

.

31.10.19
1 month 23 days after feeding.

.

14.11.19
2 months 26 days after feeding. 18.12.19 — — — — —

.
— — —

4 montlis 8 days after feeding.

.

30. 1.20
7 months 14 days after feeding. 6. 5.20
12 months 21 days old 27. 9.20 — — — — — — — —
16 months 3 days old 10. 1.21 — — — — — — — —
19 months 17 days old 23. 4.21 — _ _

This calf was reared under Lincoln Red Cow 68. Reaction: Milk, positive*; blood serum, positive.
Feeding stopped and calf isolated 7.5.20.
Calf released from quarantine 30.9.20.
Duration of feeding, 7 months 15 days.
Age when feeding stopped, 8 months 1 day.
Still in herd. Has not been served.

* Bacillus was not demonstrated in the milk by guinea-pig inoculation.
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Table XXXVI.

Friesland Heifer 106. Born 1.10.19.

Dam : Friesland Cow 34. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 1.10.19 _ _
Feeding began 20.10.19 — — — — — — — —
11 days after feeding 31.10.19 — — — — — — — —
25 days after feeding 14.11.19 — — — — — — — —
4 months after feeding 20. 2.20 — — — — — — — —
6 months 16 days after feeding. 6. 5.20 S.P. S.P. P. — — — — —
11 months 26 days old 27. 9.20 — — — — — — — —
15 months 9 days old 10. 1.21 — — — — — — — —
18 months 22 days old 23. 4.21 — — — — — — — —
2 years old 28. 9.21 _ — _ _ ~ —

This calf was reared on Ayrshire Cow 91. Reaction : Milk, positive*
;

blood, positive.
Feeding stopped and calf isolated 7.5.20.
Calf released from isolation 30.9.20.
Duration of feeding, 6 months 16 days.
Age when feeding stopped, 7 months 5 days.
Still in herd. Has not yet been served.

* Milk.—During the time the calves were suckling, the cow was only tested once, 20.10.19, when
feeding began. The reaction was slight precipitation with -05 c.c. and a trace with 025 c.c. It is

therefore considered posiiive.

Table XXXV 11.

Friesland Bull 92. Born 25.9.19.

Dam : Friesland Cow 77. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 25. 9.19 _ _ _
Feeding began 20.10.19 — — — — — — — —
11 days after feeding 31.10.19 — — — — — — — —
25 davs after feeding 14.11.19 — — — — — — — —
4 months after feeding 20. 2.20 — — — — — — — —
6 months 16 days after feeding. 6. 5.20 _ —

This calf was reared on Ayrshire Cow 91. Reaction : Milk, positive* ; blood, positive.
Feeding stopped and calf isolated 7.5.20.
Calf released from isolation 7.6.20.
Duration of feeding, 6 months 16 days.
Age when feeding stopped, 7 months 1 1 days.
Calf died of black quarter, June, 1920.

* Milk.—During the time the calves were suckling, the cow was only tested once, 20. 10. 19, when
feeding began. The reaction was slight precipitation with 05 c.c. and a trace with -025 c.c. It is

therefore considered positive.
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Table XXXV111.

Friesland Bull 93. Born 27.9.19.

Dam : Friesland Cow 35. Reaction : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding began 20.10.19
11 days after feeding 31.10.19
25 days after feeding 14.11.19
4 months after feeding 20. 2.20
6 months 16 days after feeding. 6. 5.20
12 months old 27. 9.20
15 months 14 days old 10. 1.21 — — — — — — — —
1 year 7 months old 23. 4.21 — — — — — — — —
2 years old 2. 9.21

This calf was reared on Sussex Cow 123. Reaction : Milk, positive*; blood, positive.

Feeding stopped and calf isolated 7.5.20.
Calf released from isolation 30.9.20.
Duration of feeding, 6 months 17 days.

Age when feeding stopped, 7 months 10 days.

Sold 7.9.21.

Table XXXIX.

Hereford Bull 67. Born 2.9.19.

Dam : Hereford Cow. Reaction : Milk—Not tested. Blood serum—Negative.

Agglutination.

Blood Serum Tested. Date.
1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 7 9 19

24 days after feeding 1 10 19

1 month 24 davs after feeding.

.

31 10 19

2 months 7 days after feeding.

.

14 11
5

19
20 * * * » * * * *

12 months 25 days old 27 9 20 S.P. P. — — — ~ — —
16 months 3 days old 10 1 21

19 months 21 days old 23 4 21
+2 years old “ 9 21

* No record.
Feeding stopped and calf isolated 7.5.20.
Calf released 28.9.20.
Duration of feeding, 8 months.
Age when feeding stopped, 8 months 5 days.

Fed on Sussex Africander Cow 28. Milk, positive ;
blood, positive.

Sold 12.9.21.
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Series E.

Shows the blood serum reaction of calves, born from infected

mothers, which were showing agglutinins in the blood serum on the
day of birth, when removed from infection and fed on non-infected

milk.

Table XL.

Friesland Bull 89. Born 20.7.19.

Dam : Friesland Cow 40. Reaction : Colostrum—Negative. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000 1/2000

Before feeding 20. 7.19 + 8.P. S.P.
Before feeding 23. 7.19 + S.P. S.P. — — — — — —
1 month 18 days after feeding.. 10. 9.19 + + -f + + -f S.P. S.P. P.
2 months 8 days after feeding. . 1.10.19 S.P. P. — — — — — — —
3 months 1 day after feeding. .

.

24.10.19 + S.P. P. p. — — — — —
3 months 8 days after feeding.

.

31.10.19 + + S.P. — — — — — —
3 months 22 days after feeding. 14.11.19
9 months 16 days old 6. 5.20

This calf was allowed to remain with his mother for three days, and was then isolated and led on
non-infected milk.

Duration of feeding on dam, 3 days.
Calf sold 10.9.20. •

Table XIA.

Friesland Bull 90. Born 1.9.19.

Darn : Friesland Cow 51. Reaction : Milk—Positive. Blood serum—Positive.

Blood Serum Tested. Date.

Agglutination.

1/10 1/20 1/40 1/100 1/200 1/400 1/800 1/1000

Before feeding 1. 9.19 + + + + S.]'. P.

2 days after birth 3. 9.19 4- + + S.P. P. — —
9 days after feeding 10. 9.19 S.P. S.P. — — — — — —
1 month after feeding 1.10. 19
1 month 23 days after feeding.

.

24.10.19 -f S.P. P. — — — — —
1 month 30 davs after feeding.

.

31.10.19 — — — — — — —
2 months 13 days after feeding. 14.11.19
8 months 5 days after feeding. . 6. 5.20
12 months 26 days old ... 27. 9.20

This call was allowed to remain with his mother until the sccouu day alter birth, when he was
isolated and fed non-infected milk.

Duration of feeding on dam, 2 days.
Sold 10.10.20.
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Series F.

Shows the agglutination reaction of a calf born from a non-
infected cow and fed non-infected milk since birth.

Table XLII.

Friesland Bull 88. Born 3.6.19.

Dam : Friesland Cow 38. Reartiov : Milk—Negative. Blood serum—Negative.

Blood Serum Tested. Date.

Agglutination.

01 •05 •025 •01 •005 0025 00125 •0001 • 00005

At birth 3. 6.19
14 days old 17. 6.19
1 month 14 davs old 17. 7.19
1 month 21 days old 24. 7.19
2 months 29 davs old 1. 9.19
3 months 28 days old 1.10.19 — — — — — — — _ —
4 months 21 davs old 24.10.19 • —
4 months 28 days old 31.10.19
5 months 11 days old 14.11.19
8 months 17 davs old 20. 2.20
11 months 29 davs old 1. 6.20
15 months 24 davs old 27. 9.20

The ealf was fed on a partly milk ration until he was 7 months old.
Sold 10.10.20.

Discussion.

During these experiments altogether forty-one calves have been
under observation. The control calf (Table XLII) is not included in

this number. Of the calves which were fed on infected milk fifteen

were born from mothers which were giving a strong blood serum
reaction at the time their offspring were horn. Two calves born
from infected mothers were fed on non-infected milk, and the remain-
ing twenty-four were the calves of non-infected cows.

During the time infected milk was being fed, five (33.3 per cent.)

of the calves horn from infected cows (Series A and B) showed the
presence of antibodies in their blood serum, as demonstrated by the
agglutination test. By this statement it is intended to convey that

those five calves showed an agglutination titre which would he

considered positive when testing adult cattle, that is .01 c.c.

Two other calves showed agglutination in the slightest degree
with .025 c.c. of serum. This reaction would not he considered

as evidence of infection with the bacillus abortus in adult cattle. The
remaining calves in Series A and B did not show the presence of

antibodies which can be considered specific for bacillus abortus, the

highest titre being with .05 c.c. of serum with one calf and .1 c.c.

with another.
Antibodies, when observed in the blood serum, did not appear

in high concentration except in very young calves. The agglutination
titre was, as a rule, highest between the ninth and the thirtieth day
after birth. Friesland Heifer 101, Table III, showed an agglutina-

tion titre of .0025 c.c. when 25 days old. This heifer, however,
showed antibodies when her blood serum was tested at birth. Fries-

land Heifer 102, Table VII, showed agglutination with .01 c.c. of
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serum when 10 days old, although specific; antibodies would not
appear to be present at birth. Friesland Bull 87, Table VIII, showed
agglutination in a dilution of 1-2000 when 0 days old. Friesland
Heifer 99, Table VII, gave an agglutination title of .0025 c.c. when
29 days old. Cross-bred (Lincoln Red — Friesland) Heifer Xo. 1,

Table XI, gave an agglutination titre of .01 c.c. when 3 months and
4 days old.

It can be said that those five calves in Series A and B showed
the temporary presence of specific antibodies in their blood serum
during the period of feeding on infected milk.

Of the twenty-four calves in Series C and H, born from non-
infected mothers and fed on infected milk, only three (12.5 per cent.)

can be said to have shown specific antibodies in their blood serum
during the period of feeding, and even then the reaction cannot be

considered strong, as in each case only a trace ot agglutination was
observed with .01 c.c. of serum. With five of the other calves in

Series C and I) agglutination was observed either slight or a trace

with .025 c.c. of serum. In the case of adult cattle this would not

be considered positive of infection with the bacillus abortus.

In these calves born from non-infected cows, antibodies, when
present, were observed only after feeding on infected milk had
extended for some considerable time. This result, when com-
pared with the early appearance of antibodies in calves born
from infected cows, is interesting, as also is the fact that the

agglutination titre has never been so marked in calves born
from non-infected cows. It appears that the infection, which
gained access to the calf’s system prior to birth from its in-

fected mother, is in most cases responsible for the appearance of

antibodies after birth, rather than the ingestion of infected milk.

This statement appears to be further strengthened by the reaction
of Friesland Bull 89, Table XL. This calf was born from an infected
cow, and was fed on its mother’s milk for three days. The milk of

this cow had never given a positive reaction to the agglutination
test. The calf, when born, and when removed from his mother,
showed a slight agglutination with .025 c.c. of serum, but after

having been fed on non-infected milk for one month and eighteen
days showed an aggdutination titre of .001 c.c. This appears to be
a case of temporary active infection, and would further appear to be
of prenatal origin.

The other calf in Series E, namely Friesland Bull 90, Table
XLI, gave a strong reaction up to two days after birth. After the
second day the antibodies disappeared from the blood. There is no
doubt but that this reaction was the result of prenatal infection.

When antibodies are present in the blood serum of young calves
they may show a rising chart up to twenty-five to thirty-five days, and
then disappear even though feeding on infected milk continues, and
no trace of antibodies was present when such calves were tester at

12 to 15 weeks old. However, when feeding on infected milk was
continued for a long period antibodies in a few cases appeared in

low concentration, but disappeared during the time infected milk
was being fed, or if they still persisted in the blood serum when the
calf was weaned, they rapidly disappeared soon afterwards.

It was observed that calves born from infected mothers, with one
exception, which had shown antibodies in their serum during the first

32
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few months of their lives, did not again agglutinate bacillus abortus
even after extended feeding on infected milk, while the calves born
from clean cows, on the other hand, failed to show antibodies, when
such were demonstrated, until the age of 6 or 7 months, although
in some cases calves have been fed up to 9 months of age without
showing antibodies in their serum.

From the data available as the result of these feeding experi-

ments, it would appear that antibodies may sometimes appear in

the blood of calves fed on infected milk, but the presence of such
antibodies does not as a rule appear in high concentration, and they
rapidly disappear when infected milk is withdrawn. Specific anti-

bodies may appear, and are frequently present, in the blood of calves

born from infected cows at birth, and may persist for a short time
afterwards, even when the calf continues to be fed on non-infected
milk.

During the time the calves were being fed on infected milk they
were kept under daily observation with a view to ascertaining whether
the ingestion of bacillus abortus would have any influence on their

general health. The calves kept in excellent condition throughout
and showed no ill effects whatever. An Ayrshire bull calf (No. 115),

which, if recorded, would have appeared in Series C, died of enteritis,

but as he was tested only once, three weeks after feeding infected

milk began, a record is considered to have no important bearing on
the present article, and is therefore omitted. The one test done was
negative. This calf was “ weedy ” from birth, and never thrived

even when fed on non-infected milk. There is therefore no reason to

connect this case of enteritis with the ingestion of bacillus abortus.

The observations made in this connection would not appear to

coincide with those of Williams, and from records of other infected

herds it would not appear that calves born healthy are affected with
enteritis by the ingestion of raw milk containing bacillus abortus.

It is agreed, however, that calves from infected cows may frequently

be born weak, with a lowered vitality. They are, therefore, more
susceptible to all the ailments of calves, and in this way the bacillus

abortus does certainly act as a predisposing cause to diarrhoea.

However, it can scarcely be considered as a primary factor in the

aetiology of the condition.

No other abnormal symptoms were observed in the calves during
the period of feeding. They grew well and were always strong and
vigorous.

When considering the possible time of transmission of the

disease, the results obtained appear to indicate that calves do not

become chronic carriers of the infection as a result of the ingestion

of infected milk, and here again our results are at variance with the

statements of Williams. It may be said, however, that sufficient

time has not elapsed to judge what would be the result when all the

experimental calves had been bred from. It has, however, been

pointed out that several of the heifers are imdoribtedly in calf, and
seven have calved normally, but they still continue to show a com-
plete absence of antibodies in their serum. The writer is in a position

to follow the history of nearly all the females used in this work,

unfortunatelv however it is not possible to carry out further obser-

vations on the bulls.

To obtain further evidence the records of another pure-bred herd
have been consulted. Infection was shown to be present amongst
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(lie cuttle iu 1910. Since that year an infected herd has been main-
tained apart from the non-infected herd and bred from. Some of

the calves born in isolation and suckled on their infected dams have
reached sexual maturity and are now pregnant, while others have
calved normally. These females continue to give negative reactions

to the agglutination test when tested at intervals of three months
for almost two years.

Huddleston (3) states that when testing calves fed on infected

milk a larger number of positive reactions was obtained with the

complement tixation test than with the agglutination test, and that

erroneous conclusions would have been drawn from the results had
not the complement fixation tests been employed. It would seem,
however, that other workers who have studied the relative value of

both the agglutination and complement fixation tests in the diagnosis

of contagious abortion do not hold this view.

Cooledge (10) when testing milk insfead of blood serum says:—
“ It is seen that the agglutination test reveals a higher percentage

of positive samples than does the complement fixation test.”

M‘Fadyean, Sheather, and Minett (5) conclude that the agglu-
tination and complement fixation tests, when applied to the serum of

animals experimentally infected, yield results which are broadly

concordant.
Fitch (11) considers the agglutination test is the most reliable

of the serological methods of diagnosis.

It is therefore considered that the agglutination test alone is a

suitable method to have adopted for the diagnosis of infection with
bacillus abortus in the calves referred to in this article.

The general conclusions arrived at mostly corroborate the state-

ments of other workers on contagious abortion in cattle. The per-

centage of calves which showed antibodies in their blood serum
appears to be somewhat higher than in Huddleson’s experiments,
but our calves were fed for a much longer period on infected milk,
some even, as previously stated, up to the age of nine months.

The results obtained do not confirm Williams’ statement that the
majority of calves ingesting bacillus abortus shows infection within
the thirtieth and the hundredth day. This statement may appear
to be correct when testing calves born in a grossly infected herd,
where the majority of calves has been accessible to prenatal infection,

and many of them show the presence of specific antibodies at birth,

it is, however, evident that these antibodies rapidly disappear and
they do not recur in the absence of infection. It may be stated here
that the writer has failed to isolate the bacillus abortus from two
calves six weeks after artificial infection transmitted subcutaneously
and intravenously with live cultures. A male and female calf were
used in the experiment, and attempts made to cultivate the organism
from the udder and supramammary glands of the female, and from
the testicles and seminal vesicles in the bull. This experiment
although by no means conclusive would appear to indicate that the
bacillus was not present in these two calves in the predilection sites,

which it favours in adult animals.
It will be observed that most of the experimental calves have

been kept under observation for a long period, t lie majority have
reached sexual maturity, seven of the females have passed through
one pregnancy, some are now pregnant, while the remainder have
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passed through several oestral periods, yet they continue to show an
absence of antibodies in their blood serum. As a result of these

experiments it therefore seems unreasonable to suppose, as Williams
states, that the disease is dormant in these sexually mature animals,
and one is forced to conclude that the bacillus abortus ingested with
milk from infected cows is unable to perpetuate itself in the bodies
of young calves.

Conclusions.

1. That antibodies for bacillus abortus, as shown by the agglu-
tination test, may sometimes be demonstrated in the blood of calves

fed on naturally infected milk.

2. That the agglutination title is never very high, except in

calves born from infected cows and in which antibodies were present

at birth.

3. That the antibodies present in the blood serum of calves as

a result of feeding- infected milk, or as a result of prenatal infection,

do not persist, but may disappear during the time infected milk is

being fed, and always disappear when infected milk is withdrawn.
4. That antibodies when present in the blood serum of a newly-

born calf, may for a short time after birth appear in high concen-
tration even when feeding on lion-infected milk.

5. That it appears to be a perfectly safe procedure to feed calves

upon naturally infected raw milk up to the age of six or seven months
without danger of their becoming chronic carriers of infection.

6. That the ingestion of milk containing bacillus abortus is not

detrimental to the general health of vigorous healthy newly-born
calves.
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Equines.

By Gertrud Theiler, B.A. (Cape).

Preface.

The work, forming’ the subject of this thesis, was carried out

in the Laboratory of tire Zoological Department at the University of

Ne.ucliatel, during 1921-22. under the direction of Professor Dr. 0.

Fuhrinann. I take this opportunity of expressing my deep gratitude

to him, for the constant interest in my work and for his friendly

advice and encouragement.
Dor the material I am indebted to Sir A. Theiler, who had

intended to work up the collection, but had to forego this pleasuie

in favour of more urgent matters. More justice would doubtlessly

have been done to the subject, had my father been at liberty to bring
his scientific mind and trained powers of observation to bear on it.

My thanks are also due to Professor F. W. Gamble and Dr. C. L.

Boulenger of the University of Birmingham, to Professor It. T.

Leiper of the London School of Tropical Medicine, and to Professor

W. Yorke of the Liverpool School :

To Professor Gamble, for so obligingly providing me with
laboratory facilities, and for his kindly interest during my short

stay in Birmingham;
To Professor Boulenger, for putting his horse-nematode material

at my disposal, and for his kind and willing- assistance, in helping
me over my initial difficulties

;

To Professor Leiper, for permitting me to study his type species

of CylindrQpharynx .longicauda and C . hrevicauda

;

To Professor Yorke. for placing at my disposal his cylicostome
material, thus enabling me to arrive at a definite conclusion,
regarding the identity of Triodontophorus serratus and T. inter-

medius.
To Professor Fuhrinann I am further indebted for obtaining

German translations of Dr. Kotlan’s Hungarian publications.

In cases where the Hungarian species were not represented in

my material, I have given an English rendering of the German.
Throughout, I have adopted the original descriptions without altera-

tion, wherever possible, so that there can be no doubt as to their cor'

rectness. The drawings on the contrary, unless otherwise indicated
are taken from the specimens in my material.

I very much regret that Professor Ihle’s report of the Commission
appointed to inquire into the Sclerostomiasis in Holland, Part I,

only came to hand after I had finished this thesis.

G. THEILER.
Neuchatel, September, 1922.
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HISTORICAL.
It was not until Looss’ important monograph on the Sclerostomidae
of horses and donkeys in Egypt that much attention was paid to the
determination of the intestinal nematodes of equines. Prior to Looss
tour species only were recognized (armatum, equinum, tetracanthum,
and robustum), and all were assigned either to the genus Strongylus
or Sclerostomum. In his investigations Looss discovered that these
“ species ” were in reality composed of a number of independent and
easily distinguishable forms, of which he described 19 ;

these he
divided into the four genera Strongylus, Triodontophorus, 1902
( Triodontus Looss, 1900), Cylichnostomum (Cyliscostomum Railliet

and Henry, 1902), and Gyalocephalus, according to the structure of

the cephalic and caudal regions of the worm. It was not until

several years after the publication of this work that the subject was
again studied by helminthologists. In 1909 Georgina Sweet found
a new species of Triodontophorus, *T. intermedius, from Australia.

Since then the Sclerostomes have been investigated and several new
species and genera have been described by Boulenger, from England
and East Africa

;
by Ihle, from Holland

;
by Kotlan, from Hungary

;

by Yorke and MacFie, from England and West Africa.

At the present day eight genera belonging to the family
Strongylidae, and consisting of over fifty species, are recognized in

equines, viz. :
—

Genus Strongylus Mueller, 1780 (= Sclerostoma Rudolphi,

1809), four species.

Genus Triodontophorus Looss, 1902 (
'Triodontus Looss, 1900),

five species.

Genus Gyalocephalus Looss, 1900, one species.

Genus Oesophagodontus Railliet and Henry, 1902, one species.

Genus Cylicostomum Railliet and Henry, 1902 (= Cylichnosto-
mum Looss, 1902 = Cyathostomum Molin, 1861) thirty-one

definite species.

Genus Craterostomum Boulenger, 1920, three species.

Genus Poteriostomum Quiel, 1919, two species.

Genus Cylindropliarynx Leiper, 1911 (thus far reported from
the zebra only) four species.

Gough (1908), in his notes on South African parasites, enumer-
ates thirteen of Looss’ species, as occuring in South Africa. Working
on the Onderstepoort collection I find that not only are all Looss’

Egyptian Sclerostomes to be found, but also the majority of the

forms recently discovered in equines from other countries. Thus all

the species described by Ihle from Holland, and by Boulenger from
England and East Africa, are also present in South Africa. Some
of the Cylicostomes reported from Hungary, viz., C. ornatum,
C. sagittatum, and C. hybridum, however, do not seem to occur in

South Africa.

COLLECTION AND PREPARATION OF MATERIAL.
Collection.

Owing to the large size of the intestine and the smallness of the

Strongylidae, their collection presents' some difficulty. Looss recom-
mends the following procedure : —The bowel is divided up into a

number of parts by several ligatures. Having separated the portions

* See footnote, page 606.
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from one another, the ligatures are then loosened and the piece of

intestine opened longitudinally. By lifting up one side of the

intestinal wall the contents are then gradually rolled off into separate

dishes. In this manner the worms can be easily collected, especially

the Cylicostomes, which are found either in direct contact with the

intestinal wall or on the surface of the mass of contents. The three

species of Strongylus, however, are usually found firmly attached to

the wall. The genus Triodontopliorus is usually found scattered

throughout the ingesta, and is thus more difficult to find
;
should

there be a large quantity of fluid present, the contents of each
separate piece of gut is first shaken up energetically, and then poured
out into shallow basins. When the heavier elements have sunk to the

bottom, the fluid is gradually decanted off, until only enough remains
to cover the sediment. After several minutes the worms come to the

surface, where they can be readily collected at short intervals. An
important condition for success seems to be that the collecting dishes

be kept warm. This method of course can only be used for fresh

material, where the parasites are still in possession of their vitality.

From the basins the worms are then transferred into a warm physio-
logical salt solution, in which they may be kept for several hours,

without being damaged.

Preparation and Clearing.

The most satisfactory method of preservation is that recom-
mended by Looss. The worms are killed in hot (80° C.) 70 per cent,

alcohol, to which 5 per cent, glycerine is added. They are then set

aside and the alcohol is allowed to evaporate. This gradual change
from alcohol to glycerine prevents the ruinous shrinkage which would
result by more abrupt changes from fluids of one specific gravity to

one of another. For the larger forms this evaporation must not be
allowed to take place too rapidly, especially in species with a thick
and resistant skin, in which diffusion takes place slowly. The
specimens may be kept for years in glycerine without any risk of

damage.
The bulk of the Onderstepoort collection was fixed by this

alcohol-glycerine method and was kept in glycerine. After five years
the material was in excellent condition, the worms being transparent
and straight, and thus easy to examine under the microscope.

Besides this method of clearing: in glycerine, for the larger

Sclerostomes, Boulenger (5) recommends pure white creosote, into
which the worms may be transferred, direct from alcohol, without
shrinkage.

A small portion of the South African collection had been
preserved in formalin, but was in a very poor condition indeed.
Some of the worms had shrunk beyond all recognition and were
practically opaque, so that their identification was difficult.

For specimens preserved in alcohol, carbolic acid or *lacto-phenol
may advantageously be used for clearing purposes.

Mounting and Evibedding

.

For examination under the microscope the worms, fixed

according to Looss’ method, can he mounted in a drop of glycerine.
If the worms are well fixed and straight, they can easily be rolled

*
I must thank Mr. Ortlepp of t he London School of Tropical Medicine for drawing

my attention to this useful reag nt.
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by gently pushing the cover slip. In cases where the worms refuse

to roll, Looss’ method of procedure is the most satisfactory. The
worm is first carefully dried on filter paper, and then brought on to

the slide. The cover slip is put on with the worm near its one border
and its longitudinal axis parallel to this border. A drop of glycerine
is then let in on the opposite side, where cover glass and slide are in

direct contact with each other. The worm can now be moved about
at will, and when the desired position has been obtained more
glycerine is added, so as completely to surround the preparation.
Many specimens can still be rolled even when surrounded with
glycerine.

For permanent mounts Looss recommends glycerine jelly, care

being taken in mounting that the slide with the preparation is first

heated to the temperature of the embedding medium, before, the latter

is added. If carefully ringed these preparations will last for a long

THE SOUTH AFRICAN MATERIAL.
The material forming the subject of this paper was collected at

the Veterinary Research Laboratories at Onderstepoort, during the

year 1916
;
except the bottles numbered 56-61 inclusive, which come

from Pietermaritzburg, Natal.
The parasites from each animal, most of which were victims of

horse-sickness, or had been killed owing to debility or other causes,

were collected into four separate bottles: (a) caecum, (b) ventral
colon, (c) pelvic flexure, and (d) dorsal colon. This division of the

colon, into three parts, was to ascertain whether any single species

showed a preference for a particular portion of the colon.

The collection consisted of the parasites taken from the intestines

of 80 horses, 4 mules, 11 donkeys, and 3 zebras.

Distribution of the Parasites in the Intestine of the Host.

Looss working in Egypt had remarked that most Strongylidae
were usually limited to the caecum and the first third of the large

loop of the colon, i.e. to the point where the colon begins to narrow,
near the apex of the loop. T. minor, however, was confined to the

thickened end-portion of 'the colon. He also observed that some
species display a manifest partiality for horses and others for

donkeys, and attributes this
“

partiality ” to the different manner of

life of the two hosts. The donkeys, which live mainly in the villages

and which only come to town as riding animals or to carry vegetables,

have thus more opportunity of picking up larvae than the town-
horses, and it is in accordance with these facts that he usually found
the donkeys more heavily infected than the horses.

In South Africa there was also a decided difference between the
Strongylid fauna of the horse aud that of the donkey—though here

the divergence cannot be definitely attributed to a difference in the

mode of life of the two respective hosts. Most of the animals had
been kept in the laboratory stables for some time before they suc-

cumbed to disease or were killed, and were thus, to a certain

extent, exposed to the same chances of picking up larvae during the

last few months of life.

The typical fauna of a South African donkey usually presents

Triodontophorus intermedins, *[7
T

. serratus (?)], T. minor, and Stron-

* Since writing this 1 have come to the conclusion that T. intermedium and T. serratus

are identical (see page 671). Consequently, all reports of occurrence of T. intermedins are

to be considered as reported occurrences of T. serratus
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gylus vulgaris, S. equinus, S. edentatus, T. tenuicollis, and T . brevi-

cauda may also be seen. Of the Cylicostomes, C. auriculatum occurs
most frequently and most abundantly. C. elongatum likewise occurs
in every animal, but it is never present in very great numbers. The
Tctracantkum group— (or subgenus Cylicostomum of Ihle, 1922) is

usually well represented. Besides the above forms characteristic of

the donkey, i.e. C. auriculatum
, C. elongatum, and C. tetracanthum,

most of the other species hitherto described may also be found in

greater or lesser numbers
;
the only exceptions are :

—
|

7 . scrratus, which does not occur in South Africa at all. (?)]
C. poculatum, which Looss also only found in the horse.

C. alveatum and C. triramosum, which, however, are very
characteristic of the zebra. In Egypt C. alveatum was
found exclusively in the donkey.

On the whole, however, the forms most characteristic for the

donkey are the same as those given by Looss.

No matter at what season of the year the parasites be collected

the Fauna of horses and mules (see Tables I and II) is always
practically the same. Thus in the caecum (Table III) one hardly
ever fails to find C. coronatum in great abundance, and C. nassatum,
C. catinatum

, C . caheatum, and C. minvtum are also usually present,

sometimes even in great numbers.

In the ventral colon (Table IY) the most heavily infected poxfiion

of the intestine, C. catinatum and C. nassatum play the most im-
portant role. C . coronatum, though nearly always present, yet never

occurs as plentifully as it does in the caecum. C. calicatum and
C. minutum thrive as well here as they do in the caecum. C. labra-

tum and C. labiatum, which may be present in the caecum, are more
abundant here. Kotlan (1) gives the ventral colon as the favourite

seat of C. radiatum, C. pateratum, C. bicoronatum

,

and C. tetra-

oanthum. C. radiatum and C. tetracanthum, however, may excep-
tionally occur, sometimes even in fairly large numbers, in the dorsal

colon.

The pelvic flexure (Table Y) which is never heavily infected,

is not very characteristic, but merely forms a transition from the
fauna of the ventral colon to that of the dorsal colon (Table VI).

In the latter the most abundant species are C. goldi and C. longi-

bursatum. Other worms which show a preference for the dorsal colon

are P. rat zii, Craterostomum, Mucronatum, and C. asymetricum, n.sp.

Kotlan (1) gives the dorsal colon as a favourite seat of C. elongatum.
In the South African material this species occurred in all three

portions of the colon, but, if' anything, showed a partiality for the
caecum. In India (Boulenger and Smit), C. insigne is the most
frequent parasite of the dorsal colon.

The genera Strongylus and Triodontophorus seem to have no
very definite predilection seat, though all seem to show a slight

preference for the dorsal colon. T. minor, which is usually quoted
as only occurring in the last portion of the colon, was very often

present in the other parts as well. In donkeys it even occurred in

great numbers in the ventral colon.

Of infrequent occurrence are C. radiatum (6 cases), C. pocula-
tum (8), C. elongatum (G), C. cuproctus (6), C. ihlei (2), C. ultrajec-

tinum (3) and C. brevicapsulatum (1). C. tetracanthum and C.
auriculatum seem to be confined to the donkey.
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Although most of the Sclerostomes show a partiality for some
definite portion of the intestinal tract, as can be seen in the
tables, yet this does not prevent them occurring in other portions as

well. Thus C. coronatum may be found in the dorsal colon, and in

one case C. longibursatum, whose distribution is usually limited to

the dorsal colon, was found in great numbers in the ventral colon.

The typical intestinal fauna of the zebra is peculiar to this

animal, but at the same time it may harbour the usual equine
parasites. Thus the genera Cylindropliarynx and Crossocephalus
have never been reported from the horse, and up to the present the
two Cylicostomes, C. montgomeryi, and C. triramosum have only
been found in. the zebra. It still remains to be seen whether Ascaris
zebrae and Habronema zebrae, n.sp., do not occur in other equines
besides the zebra.

The strongylid parasites of the three South African zebrae
showed some interesting peculiarities. Not one species of the other-

wise ubiquitous genus Triodontophorus was met with, and it is rather
remarkable that the forms of common occurrence in the other South
African equines, such as Cylicostomum nassatum, C. catinatum, C.
goldi, C. calicatum, C. auriculatum

,
and C. longibursatum

,
were

entirely absent. Whereas C. alveatum, which Looss mentions as

being exclusively parasitic in the donkey, was present in all the
zebrae and was only met with in one of the many horses examined,
and was entirely lacking in the mule and the donkey.

From the comparative point of view, the South African material
unfortunately contains no nematodes of horses or donkeys, collected

in the same region as the zebra material. No definite conclusion can
thus be arrived at as to whether the difference existing between the
Sclerostome fauna of the zebra, and that of other equines is entirely

due to the nature of the host or whether (in this case) it is merely
due to the poor fauna of the locality (Bossieshoek, Rustenburg), in

which the zebrae were shot.

The typical fauna parasitic in the caecum is mainly composed
of Crossocephalus viviparus (zebrae

) and Cylicostomum alveatum.
Strongylus vulgaris was also always present, but never in great

numbers. CrossoQephalus viviparus {zebrae), which is numerous in

the caecum, is even more abundant in the ventral colon, where it

may be present in such large quantities as to prevent other forms
from thriving in this part of the colon. C . tetracanthum, in the one
zebra in which it was present, was found in the ventral colon, as

in the donkey. This portion of the colon is likewise the favourite

seat of C. triramosum, which was not found to occur anywhere else.

That the fauna of the pelvic flexure is merely a transition from
that of the ventral colon to that of the dorsal colon is well seen in

the zebra, for here Crossocephalus, which is the commonest form in

the ventral colon, is present in company with Cylindropharynx inter-

media, the chief parasite of the dorsal colon. Other nematodes,
whose seat is in the dorsal colon, may also be present in vhe pelvic

flexure, but their numbers are never so great.

The fauna of the dorsal colon is characterized by Cylindropha-
rynx intermedia and Cylicostomum adersi. Poferiostomum ratzii may
be present in fairly large numbers; rarer are P. imparidentatum, C.
rnsigne, and Craterostomum mucronatum. One specimen of C. coro-

natum, whose favourite seat is usually the caecum, was found.
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Oxyuris equi, which is common in the other equines, is also very
numerous in the colon of the zebra, especially in its dorsal portion.

In the zebra, which was heavily infected with Crossocephalu.s

,

Oxyuris equi was also found in the ventral colon.

The material from the stomachs of two of the zebrae consisted

mainly of various species of the genus Habronema. Several speci-

mens of Setaria equina were also present, as well as some Cylindro-
pharynx intermedia and Cylicostomum insigne.

The South African zebra material showed the following para-
sites :

—

Number of bottle..

Strongi/lus
equinus
vulgaris

Crossocephalus
viviparus

Cylindropharynx
intermedia

Cylicostomum
alveatum
triramosum
tetracanthum . . .

.

adersi
insigne
coronatum

Poteriostomum
imparidentatum.
ratzii

Craterostomum
mucronatiim

Oxyuris
equi

Probstmayria
vivipara

Habronema
muscae
microstoma
megastoma
zebrae, n.sp. . . .

Setaria
equina

Caecum. Ventral
Colon.

Pelvic
Flexure.

Dorsal
Colon.

Stomach.

641 642 643 641 642 643 641 642 643 641 642 643 641 642
!

643

+
+ + +

GO+ + CG 00 GO + + + + +

00 + 00 ® + 00

1

+ '

+ OC +
j
+
+
+

+

+ +
+

+ +

+
+

+
+

+ +
+

+ +

00
1

CO
I +

—

X I

I

+

+— —
+
+
+
+

1

+ +

Complete List of Nematodes reported from the Digestive Tract

of the Zebra.

Strongylus : S. equinus, S. vulgaris, S. edentatus (Turner,
1920).

Triodontophorus : T. serratus [Boulenger (4)], T. intermedins
(Turner, 1920).

Cylicostomum : C. tetracanthum, C. coronatum, C. alveatum,
C. insigne, C. adersi, C. goldi (Vevers, 1920), C. nassatum
(Vevers, 1920), C. montgomeryi [Boulenger (4)], C. minu-
tum [Boulenger (4)], C. triramosum.

Poteriostomum : V . imparidentatum
, P . ratzii, P. ratzii var.

nanum.
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Craterostomum : C. tenuicauda
’

[Boulenger (4)], C. muerona-
tum.

Oesophagodontus : 0. robustus (Turner, 1920).
Oxyuris : 0. equi.

Prob stmayria : I*, vivipara.

Habrone-ma : H. muscae, H. microstoma, H. megastoma, H.
zebrae, n.sp.

Setaria : S. equina.
Crossocephalus : C. viviparus [Von Linstow, 1899, Gredoeist (2)],

C. zebrae (Yorke and Soutliwell, 1920).
Cylindropharynx : C . longicauda [Leiper (2) and Boulenger

(4)], C. brevicauda [Leiper (2) and Boulenger (4)], C. rho-
desiensis [Yorke and MacFie (11)], C. intermedia, n.sp.

Ascaris : A. megalocephala, A. zebrae (Sckrijabin, 1916).

If we compare the two foregoing tables it will be seen that
•Strnngylus edentatus, Triodontophorus intermedius, T. serratus,

Oesophagodontus robustus, Cylicostomum goldi, C. nassatum, C.
minutum, C. montgomeryi, as well as Cylindropharynx longicauda,
C. brevicauda and C. rhodesiensis

,

which have been reported from
the zebra by Boulenger (4), Vevers, 1920, and Miss Turner, 1920,
are not present in the South African list. The genus Cylindroph-
arynx is represented by C. intermedia, n.sp. The species present,

which have not been recorded from the zebra before, are:—
Strongylus equinus.
Cylicostomum tetracanihum, C. alveatum, C. adersi, C. coro-

natum.
Poteriostomum ratzii.

Cylindropharynx intermedia, n.sp.

Habronema muscae, H. microstoma, H. megastoma, H. zebrae
n.sp.

Setaria equina.

The presence of C. tetracanihum and C. adersi indicates a relation-

ship between the fauna of the donkey and that of the zebra, whereas
the absence of C. auriculatum and C. elongatum, the other two
Cylicostomes very characteristic of t lie donkey, tends to lessen the

slight connection which might exist between the fauna of these two
hosts.

Seasonal Influences on the Parasitic Fauna of Equines.

As far as I am able to affirm, the age or sex of the host does not

affect the parasitic fauna in any way. The heaviest infections seem
to be during the months from March to July, r . e>. during early

winter, after the rainy season. This, however, I will not put forward

as a definite statement, as, judging not only from the smaller number
of worms present in the bottles collected last, but also from the fact

that they usually contain only the larger, and thus more easily seen,

forms, with but a few specimens of the smaller species, I am very

much inclined to believe that towards the end of the year the worms
were collected less conscientiously than during the first few months.

Kotlan (2) found no difference either as regards the species of

worm present at any given season of the year, but definitely states

that each separate species is more abundantly represented in spring.

The proportion between the number of females and the number
of males present is very variable. The females are always in the

majority, from 2 to 7, or even more, females to one male. This
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variation, however, shows no relationship with the seasons of the
year. Nor was I able to establish any connection between the
presence of larvae or worms in coitu, and any definite period of the
year. Kotlan remarks that copulating pairs were particularly
numerous in autumn.

A comparison of the fauna of horses and donkeys from different
localities in South Africa shows no appreciable difference. The
material sent from Pietermaritzburg was not very abundant ; either
the locality has a poor strongylid fauna or the material was not
collected very conscientiously. The latter seems to he the case. It

presents all the Strongylks and all the Triodontophoriis
;
of the Cyli-

costomes, however, only a few specimens of the very commonest
forms were present, e.g. C. labiatum, C. labratum, C. nassatum,
C. calicatum, C. catinatum, and besides these the large forms C.
bicoronatum and C. ultrajcctinuin

,
i.e. forms which one would he

liable to pick out in hut a hasty and superficial search. That other
Cylicostomes are to be found at Pietermaritzburg is proved by the
material from a mule (58), which was collected there. This showed,
besides the above forms, C. goldi

, C. radiatum
,
C . adersi, C. insigne,

('. longibursatum, C. euproctus, and V. latzii, as also the only
specimen of 0. robustus which was in the collection.

One horse (34), originally bought at Mafeking, and which was
three months at the laboratory, at its post-mortem showed S. vulgaris

,

T. minor, G. capitatus, C. coronatum, C. nassatuvi, C. calicatum,
C. longibursatum, C. minutum, C. catinatum, C. pateratum , C.
bicoronatum, P. imparidentatum, and P. ratzii.

The donkeys (49, 50, 51) sent from Mafeking, and which had
been at the laboratories for two, four, and six months respectively,

showed a fairly normal infection of Sclerostomes, except that the

genus Strongylus was absent, except in one case (50), where hut

three specimens of .S', equinus were present.

The material collected from three donkeys (37, 38, 39), which
had been sent from Kokstad, and which had spent five months in

the laboratory stables before being killed, proved plentiful and rich

in species.

The two bottles 54-55 contained nematodes from two donkeys,
killed in an experiment for parasitic nodules of the lungs. Both
donkeys, which were born and reared at the laboratory, were heavily

infected and showed a rich fauna in their- intestinal tract. Immature
forms of S. equinus weie collected from cysts in the pancreas, kid-

neys, mesentery of the aorta, radix linguae, and from the lungs.

Of the horses bought from the Defence Force, the first batch

f bottles 1, 3. 5. 7. 9, 10. 11, 12) is rather more heavily infected and
richer in species than the second lot (bottles 10-47). Of especial note

is the high percentage of S. vulgaris, T. tenvicollis
, and ('. pocula-

ti/iu in the first lot, whereas in the other T. trnuicollis is not present

at all, and .S’, vulgaris and C. poculatum in hut two animals. Other-

wise the fauna present no striking differences.

Taken on the whole, the animals coming from different parts of

South Africa show no appreciable difference in their parasitic fauna,

so that one cannot say that one locality is characterized by one

particular species or group of species. The only definite statement

that can be made is that the Defence Force horses, which doubtlessly

had been left to graze on the veld, show a slightly richer fauna

than horses which had been mainly stable fed.



BIOLOGICAL REMARKS.
Strongylus.

The adult worms of the genus Strongylus are usually found
firmly fixed to the wall of the intestine, producing lesions at the
point of attachment. They are essentially blood suckers and of

pathological importance,, and when present in greater numbers cause
emaciation, weakness, anaemia, oedema, etc.

So far as we know at present the Strongyles have a direct life-

history, the eggs undergoing their development in the manure and
giving rise to an infective larval stage. These larvae, when ingested

by equines, however, take different routes in the body of the host,

according to the species involved.

The larvae of S. vulgaris usually undergo their development in

aneurisms of the blood vessels, occurring mainly in the mesenteric
artery, though other branches from the abdominal portion of the
aorta may be involved. *“ These aneurisms may rupture, causing
the death of the animal from haemorrhage, or parts may break off,

forming emboli, which may obstruct the blood supply to a portion

of the intestine, and thereby causing a cessation of peristalsis. The
contents of the affected portion of the intestine undergo fermentation

;

the intestine becomes distended with, gas, and the animal shows
evidence of colic. Occasionally the gas formation will cause a

rupture of the intestine, stomach, or diaphragm. The plugging of

an artery may cause the affected part of the intestine to become
g’angrenous. Emboli which pass to the circulation of the hind legs

give rise to an intermittent lameness, not amenable to radical or

permanent cure. These aneurisms persist even after the worms have
left them and remain a constant threat to the life and health of the
animal.”

The last phase of Strongyle larvae shows two tri-lobed lips. In
S. vulgaris these are markedly grooved, and their posterior margin
serrated. At this stage the anus and vulva -are well developed in the
female, and the vagina and uteri are formed, but the ovaries are

still very small. Just before the last ecdysis, that is when the final

mouth capsule is present, there is as yet no sign of the buccal tooth.

This apparently is only formed very late.

The larval and agamic forms of S. equinus are to be found in

the parenchyma of the liver, lungs, and pancreas. In my material I

found some in company with S. vulgaris in a bottle labelled “ arteria

hepatica.” It is possible that the larvae of S. equinus were collected

from the hepatic ligament and inadvertently put in with the S. vul-

garis larvae, from the aorta
;
for, as a rule, S. equinus larvae, do not

undergo their development in the blood vessel.

The chitinous structure surrounding the provisional mouth-
opening of S. equinus is not grooved, and its posterior margin is

smooth. As in S. vulgaris, there is no indication of the buccal teeth

at this stage of the development.
• The larvae of S. edentatus may occur under the pleura and

peritoneum, in the hepatic ligament, the perirenal connective tissue,

the muscles of the forearm, and even in the aorta, in the cryptorchid

testes.

There were no larvae of S. edentatus in the South African
collection.

* Copied from Ransom & Hall, 1919.
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Triodontophorus

.

Like tlie Strongyles, the adults of the genus Triodontophorus are

usually found firmly fixed to the gut wall. They are essentially

blood suckers, being mostly found gorged with blood, which com-
municates to their bodies a deep, reddish-brown colour, which in

preserved material enables one to distinguish them easily from the
larger members of the genus Cylicostomum. Yorke and MacFie (7)

draw attention to the relationship existing between members of this

genus and the ulcerations of the mucosa of the colon, especially as

regards T. tenuicollis.

The larvae undergo development after the fashion of the Cyli-

costomes and are not concerned with the formation of aneurisms.
In the later stages of their development they can be distinguished
from Cylicostome larvae by the presence of the oesophageal teeth,

which seem tc be formed very early.

Oesoplicigodontus'.

0. robustus resembles the genus Triodontophorus in its mode of

life. When present in greater numbers it may produce severe symp-
toms of anaemia (Giles). The larval development most probably is

after the fashion of the Cylicostomes, i.e. the larvae are encysted
in the mucosa, escaping into the intestine during their last larval

stage.

Cylicostomum.

The Cylicostomes do not adhere to the mucous membrane, are
not blood suckers, but feed mainly upon the contents of the intestine

of their host. Nevertheless, they are not actually harmless. Ac-
cording to Looss they feed upon a whitish pus-like substance,
resulting from the destruction of the epithelium, this destruction

being brought about by the secretion, poured out by the head glands.

Looss also remarks that the quantity of this matter is proportional to

the number of worms present. In the South African material were
two bottles containing pieces of intestinal wall and some of this

substance which presented a mealy aspect. Contrary to Looss I did

not find many adult worms, but mainly larvae. These were also

present in cysts in the portions of the accompanying intestinal walls.

This fact suggests that the breaking up of the intestinal wall is due
rather to the action of the larvae than to that of the juices secreted

by the adults.

According to Kotlan (2) the presence of numerous adult Cyli-

costomes may cause a haemorrhagic inflammation of the mucosa.
There can be no doubt that a heavy infection of encysted Cylicostome
larvae interferes with the normal functioning of the mucosa. Kotlan
further states that these cysts show a more or less well pronounced
infiltration of round cells, which are often accompanied by eosino-

phile cells. After the escape of the worm, these cysts become
obliterated in the course of time.

The life-history of the Cylicostomes is direct, the larvae under-
going one (or two?) ecdyses outside their definite host.

In a bottle containing donkey droppings kept for 24 hours at

36° C. the youngest form is easily recognized by its extraordinarily

long tail, which may measure as much as 200/*. At this stage the

larva is from 320-400/* in length, with a maximum breadth of 18-20/*.

The oral opening leads into a straight buccal cavity; the oesophagus
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is rhabditiform. As in the Ankylostomes the lumen of the chyle
intestine shows a zig-zag course.

During the first ecdysis the old skin may measure as much as

480,u in length, whereas the new one was never longer than 450y
(average 320-360/Q.

Specimens of' larvae, which had been kept for 72 hours, averaged
480/i and were in the act of ecdysis. The posterior portion of the
loosened old skin shows the lateral lines quite distinctly. Anteriorly
it conies away with a portion of the buccal cavity and shows refractive

spots. In the resulting new larva the oral cavity seems to be sur-

rounded by a thickened cliitinous ring. The oesophagus still shows
the divisions of the first stage, but these are less marked. The lumen
of the chyle intestine follows a straighter course. The tail is short

and terminates not very far behind the anus. At this stage the
larvae average 420/x in length, i.e. they are rather larger than those
which were already in ecdysis at the end of 24 hours.

Unfortunately there was no material which had been kept longer
than 72 hours-, so I am not in a position to state definitely that the

larva undergoes another ecdysis before entering its host. This, how-
ever. seems to be the case, as I did not find any larvae encysted at

this stage. On the other hand the larvae from the cysts examined
may already have been encysted for a long time, and have undergone
further development. In the youngest encysted larvae the rhabditic

divisions of the oesophagus have already become obliterated, and the

anus and rectum have assumed their definite adult structure. Owing
to the fact that my material was composed of larvae of* more than
one species, I was unable to make out any definite stages of growth
between this form and the last larval phase. This latter in its

younger stages has an oesophageal tooth projecting into its provi-

sional mouth cavity; behind which the final oral cavity is formed.
The differentiation into the two sexes commences at a time when the

mouth capsule has assumed its definite shape. At this stage the
larvae may also he found free in the gut. .

Concerning the distribution of the adults aud their larvae in the

digestive tube Boulenger (5) found that the adults of C. insigne were
almost completely restricted to the posterior part of the colon, only
rarely occurring in the anterior region of this organ

;
the larvae on

the other hand were found to be abundantly encysted in the caecal

walls, and occasionally free in the anterior colon. But whether all

Cylicostornes show this difference of habit remains to be investigated.

Concerning the mode of life of the genera Poteriostominn
,
Cra-

fernstomum and Gyalocephalus, we have not much information. It

is in all probability similar to that of the Cyhcostomes.
According to the conformation of their posterior extremities,

the different Strongylids when in copulation do not behave in the
same manner. In the genera Strongylus, Triodontopliorus

,

and Gyalo-
cephnlus, in which the vulva is some distance from the tip of the tail,

the heads of the two individuals point in the same direction. In the
genera Cylicostomum and Oesophagodontvs they point in opposite

directions.

GEOGRAPHICAL DISTRIBUTION OF THE EQUINE
STRONGYLIDS. (Table VII.)

With a few interesting exceptions, most of the horse Strongyles

seem to have a world-wide distribution (see page 710). Of the three



(il5

species of the genus Strongylus, S. vulgarises the commonest form;
S. equinus, which is of comparatively rare occurrence in Europe, is

more abundant in South Africa and in India [Boulenger (5) and
SmitJ, but nevertheless is the 'form least frequently met with.

Genus Triodonttophorus. T. minor is mainly confined to India
(Boulenger and Smit) and the African continent. In Europe it has
only been reported from Hungary (Kotlan), otherwise its distribution

seems to be mainly tropical or sub-tropical. T. serratus also seems
to prefer tropical climates, thus far being only definitely reported

from Egypt, Belgian Congo [Gedoelst (2)], Ceylon [Yon Linstow

(1904)], and Mesopotamia [Boulenger (5)]. Kotlan (2) enumerates
it as present in Hungary, at the same time, however, questioning
whether a definite difference can be said to exist between T. serratus

and T. intermedins .* Judging by the common occurrence of the

latter worm, one is led to the conclusion that the form present in

Hungary is T. intermedins, rather than T. serratus, T . brevicauda,

and 7. tenuicollis, though less abundant than T. intermedins, will

doubtlessly also prove to be universally present.

Cylicostomes. C. tetracanthnm, which Looss reported as the

commonest form in Egypt, is very limited in distribution. In South
Africa, though occurring frequently in the donkey and zebra, it has
never once been found in the horse or mule. Kotlan (2) mentions
it as the second commonest form present in Hungary, but does not
state whether it occurs in the donkey only or in the^ horse as well.

Besides this, it has been reported from Australia; otherwise, it seems
to be entirely absent in Europe, America, and India.

C. nassatum and C. coronatum are among the commonest and
most frequently occurring forms all the, world over. C. calicatum
C. poculatum. C. goldi, and C. longibursatum likewise are present

everywhere, very abundant in some regions and in others never very
numerous.

The forms C. labratum, C. labiatum, C. pateratum, C. insigne,

C. calicatum, C. minutum, and C. bicoronatum also seem to occur
practically everywhere, but they are never very frequent, nor do
they occur in great numbers. In the Punjab [Boulenger (5)],

C. insigne is the commonest Cyhcostome.

C. catinatum with its two varieties is peculiar, in that it does

not seem to occur in England or on the European continent.

C. alveatum is confined to the African continent.

C. auriculatum also is essentially African, and has never been
known to be parasitic in any equine but the donkey. Other forms
peculiar to the donkey are C. adersi and Strongylus asini. C . adersi,

however, may also occur in the zebra.

The four worms C. ornatum [Kotlan (1)], C. sagittatum, C. hy-
bridum [Kotlan (3)], and C. prionodes [Kotlan (4)], have up to the
present only been known to occur in Hungary. C. meitami has only
once been reported from England [Leiper (4)].

('. euproctus is now known ,from England
|

Boulenger (1)], Hol-
land [Ihle (10)], and South Africa. It may be that this is a
European form imported into South Africa, where it may be
considered as one of the rarer Cylicostomes.

S'ce footnote, pn<je fiOtl.
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C. ihlei lias a distribution similar to that of C. euproctus occur-
ring in Holland [Ihle (10)], Hungary [Kotlan (1)], and South
Africa.

Up to the present C. ultraiectinum and C. brevicapsulatum are
only known from Holland [Ihle (10)] and the Transvaal. Of the
last-mentioned form, but one female was found in the South African
material. Ihle also reports it as being very rare in Europe.

The genus Poteriostomum originally described from Germany
(Quiel, 1919) has since been found in other parts of the world. Thus
P. imparidentatum is now known from Germany [Quiel (1)], India
[Boulenger (5)], and South and West Africa [Yorke and MacFie
(10)] and P. ratzii from Hungary [Kotlan (1)], Holland [Ihle

(10)] and South and West Africa [Yorke and MacFie (10)].
The genus Craterostomum has representatives in Hungary [Kot-

lan (1)], Holland [Ihle (10)], East Africa [Boulenger (4)] and
South Africa.

The South African fauna is thus seen to be rich in species.

Nearly all the Strongylids> hitherto described as occurring in other
countries are present

;
the tropical and sub-tropical, as well as the

“ European ” forms being represented.

SYSTEMATIC.

* Superfamily STRONGYLOIDEA Weinland, 1858.

Synonyms Strongylidea Carus, 1863, in Travassos, 1914; Stron-
gyloidae Travassos, 1914; Strongyloidea Weinland, 1858,
of Travassos, 1914.

Superfamily diagnosis.—iNeniatoda. Meromyarian or polymya-
rian. Males with well developed caudal bursa supported by rays

;

in forms near the outer limit of the superfamily the bursa is occa-

sionally very small, and the rays atypical, or the bursa may be
lacking altogether, the species in question being only referable to

this superfamily on the ground that transitional, but recognizably
strongyle forms, found at times in the same locations and with the

same habits, relate them to it. Oesophagus without posterior bulb.

Mouth naked or with a buccal capsule and six papillae, distinct or

indistinct. Male usually with two spicules and female usually with
two ovaries. Oviparous or viviparous.

The superfamily strongyloidea may be divided into the following
families (Travassos, 1921):—

Strongylidae Baird, 1853 (see below).

T-richostrongylidae Leiper, 1912 (page 622).

Me tostrongylidae Leiper, 1908 (page 623).

1. Family Strongylidae Baird, 1853.

Family diagnosis.—Strongyloidea. Meromyarian. Buccal cap-

sule present. Bursa highly developed, with a typical system of

supporting rays, consisting of one or two dorsal rays and two lateral

ray systems of six rays each. Male with two spicules and female
with two ovaries. Vulva at times anterior, but usually posterior to

* For the classification I have mainly followed that adopted by Hall, 1916.
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the middle of the body. Oviparous, eggs segmenting when laid.

Development so far as known, direct. Embryo rhabditiform. In

digestive, rarely in respiratory system.

Type genus Strongylus Mueller, 1780.

Subfamily Strongylinae Railliet, 1893.

Subfamily diagnosis.—Strongylidae. Meromyarian. Buccal
capsule present. In digestive, occasionally in respiratory, system.

Development direct, at times complex, involving cutaneous infection,

nodular development or other embryonic or larval migration.

Type genus Strongylus Mueller, 1780, may be divided up into'

the following tribes:—
(a) Strongyleae Itailliet and Henry, 1912 (see below).

(
b ) Cylicostomeae Itailliet and Henry, 1912 (page 618).

(a) Tribe Strongyleae Itailliet and Henry, 1912.

Synonym Ankylostomeae Itailliet and Henry, 1909.

Tribe diagnosis.—Strongylinae. Ventro-ventral and latero ven-
tral rays close together and parallel. Dorsal and externo-dorsal rays
originate in a common trunk, the dorsal ray ending in tridigitate

terminations, the vulva in the posterior third of the body and the

uteri divergent.
Type genus Strongylus Mueller, 1780.

Genus Strongylus Mueller, 1780.
Synonyms Strongilus Rudolphi, 1801 ;

Sclerostoma Rudolplii,

1809; Sclerostomum Dujardin, 1845; Sclerostomum Sousino,

1878; Strongylus Giles, 1892.

Generic diagnosis.—Strongyleae. Anterior extremity truncated,
straight or slightly curved towards the ventral surface, the open,
circular mouth, transverse or oblique, is followed by a chitinous
buccal capsule, and the edge of the mouth is furnished with one or

several series of numerous denticles, the corona radiata. The two
equal spicules are long and slender. Bursa is trilobed. The ventro-
ventral and latero-ventral rays are parallel, close together, and have
a common origin. The externo-lateral, medio-lateral, and postero-

lateral rays originate in a common trunk, and proceed in slightly

diverging lines; they are of much the same shape, all tapering
somewhat from the base. The dorsal and externo-dorsal rajs
originate in a common trunk, the latter originating near the base of

the common trunk and occupying a relatively independent position.

The main stem of the dorsal ray divides to form the two terminal
dorsal rays, and each of these gives off an external branch and then
forks again distally, to form two terminal branches. One of the
three branches of the dorsal rays may be missing. Vulva in the
posterior third of the body. Uteri divergent.

Type species Strongylus equinus Mueller, 1780.
Four species of this genera are found parasitic in equines :

—
Strongylus equinus Mueler, 1780 (page 628).
Strongylus edentatus Looss, 1900 (page 629).
Strongylus vulgaris Looss, 1900 (page 629).
Strongylus asini Boulenger, 1920, only reported from the

donkey (page 630).

(b) Tribe Cylicostomeae Railliet and Henry, 1912.
Raised to subfamily cylicostominae Railliet and Henry, 1914.
Synonym Cylichnostomidae Looss, 1902; Cylicostominae Rail-

liet, 1915.
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Tribe Diagnosis.-—Strengylinae. Yentro-ventral and hvtero-ven-
tral rays close together and parallel. Medio-lateral and postero-
lateral rays not close together and parallel. Dorsal and externo-
dorsai rays originate separately. The vnlva is close to the anus and
the uteri are convergent.

Type genus Cyhcostomum Railliet, 1901.

The tribe Dyhcostomeae contains the .following genera:—
Cylicostomum Railliet, 1901.

Toteriostomum Quiel, 1919 (page 621).

Craterostomum Boulenger, 1920 (page 621).

Triodontopharus Looss, 1902 (page 621).

Oesophagodontm Railliet and Henry, i902 (page 620).

(jyalocephalus Looss, 1901 (page 621).

Cylindi'o/pharynx Leiper, 1911 (page 622).

Cylindropharyn.r thus far has only been reported from the zebra.

*Grenus CylicGstomum Itailliet and Henry, 1902 (-= Cyiichnostovium
Looss, 1902 = Cyathostomum Molin, 1861); Trichonema Cob-
bold, 1874.

Most of the species thus fair recorded measure, in the adult
stage, less than 15 mm. in length; several are even less than half
this size. A prominent circular mouth collar is present surrounding
the mouth opening, more or less ’distinctly set off from the rest of
the body. The mouth collar is regularly rounded, slightly flattened

or depressed or with its outer edge projecting forward. Inner surface

of mouth collar occupied by the external leaf crown, consisting of

narrow flattened leaf- like processes, with pointed or rounded tips

according to the species. Mouth capsule subcylindr.ical in shape,,

usually broader than long, but may be longer than broad. Internal
leaf crown comes off from the inner surface of the mouth capsule

near its anterior border and is composed of ' elements, varying from
small inconspicuous tubercles to long flattened leaf-like processes.

Dorsal lobe of the male bursa is set off from the lateral lobes by a

notch. Dorsal rays of bursa large, split down or almost down to the

roots of the externo-dorsal rays, each with two lateral branches of

about the same size as the posterior .portions of the rays themselves.
Externo-dorsal rays closely approached to the postero-lateral rays
and with their terminal portions turning off backwards, more or less

suddenly from their main course at an obtuse angle,. Genital cone
well developed, usually bluntly conical, but sometimes long and
almost cylindrical. Spicules long and slender, equal in size, ter-

minating posteriorly in a double hook, one branch of which bends
sharply backwards. Vulva of female closely approached to the anus.

Type species C. tetracanthum Mehlis, 1831.

* According- to the law of priority, this genus ought to be termed Trichonema. In 1874
Cobbold described a larva Trichonema arevnta , which at a later date he stated to be a

larval form of S. tetracanthum. As according to the rules of zoological nomenclature, the

law of priority must also'be applied when any stage in the life-history is named before the

adult, the name ( 'ylicostomum Raillet ought to be replaced by Trichonema Cobbold, 1-874
;

this would mean introducing an entirely unknown name and discarding a very familiar

one.

The genus description is taken from Ransom and Hadwen, 1918.



Iii his monograph Looss 1901 distinguished three definite

groups :

—

1. Itadiatum—elongatum group.
2.. Tciracanthum group.
3. Alveatum—catinaturn group.

Since then several more species have been described and a clearer

idea of t lie mutual relations of the different forms has been arrived

at. In his recent publications Ihle (11 and 12) recognizes seven
distinct groups, five of which he raises to subgenera.

Recently new varieties of species have been created, which are

based on a difference in the appendages of the genital cone. As these

appendages are capable of some variation in certain species, e.g.

C. goldi and C. nassatum, the creation of a new variety based on
their structure alone is unjustifiable. In cases where the difference

of the appendages is accompanied by a slight variation, ,-ay, in the

size of the bursa or in the arrangement of the bursal rays, the crea-

tion of a new variety is permissible.

Group 1.—Tetracanthum group or subgenus Cylicostomum Ihle,

1922, contains the following species:—
C. tetracanthum Looss, 1992 (page 631).
('. lahratum Looss, 1992 (page 632).
(’. ornatvm Kotlan, 1919 (page 633) >.

('. lahiatum Looss-, 1992 (page 634).

C. lahiatum Looss, var. digitatum Ihle, 1921.
('. coronatum Looss, 1992 (page 635).

C. sagittatum Kotlan, 1929 (page 636).

External leaf crown is composed of 18-24 elements; those of the
internal leaf crown are thin, triangular plates, whose place of origin

extends backwards, to some distance from the anterior margin of the
mouth capsule. Mouth capsule rather short. Posterior extremity
of die female straight or slightly bent in a dorsal direction.

Group 2.

—

Alveatum—catinaturn group or subgenus Cvlicocercus
Ihle, 1922:—

('. alveatum Looss, 1992 (page 637).
('. catinaturn Looss, 1992 (page 638).

C. catinaturn Looss, var. litoraureum Yorke and MacFie,
1929 (page 638).

('. catinaturn Looss, var.' pseudocatinaturn (page 638). Yorke
and MacFie, 1919.

('. patzratum Yhrke and MacFie, 1919 (page 649).
('. goldi Boulenger, 1917 (page 641).

C. mettami Leiper, 1913 (page 642).

External leaf crown of 20-29 elements, those of (lie internal leaf
crown are thin triangular plates, and their point of origin may be
some distance from the anterior edge of the mouth capsule. Posterior
extremitv of the female strongly bent dorsally and usually has a

swelling in front of the vulva, giving it a resemblance to the human
foot when seen laterally.

Group 3.

—

Radiatum—elongatum group or subgenus Cylicoey-
clus Ihle, 1922:—

C. radiatum Looss, 1992 (page 642).

C. triramosum Yorke and MacFie, 1920 (page 643).
('. elongatum Looss, 1902 (page 644).
('

. elongatum Looss, var. Kotldni Ihle, 1920' (page 645).
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C. insigne Boulenger, 1917 (page 646).

C. adersi Boulenger, 1920 (page 647).
C. nassatum Looss, 1902 (page 648).
C. nassatum (Looss) var. parvum Yorke and MacFie, 1918

(page 648).

C. leptostomum Kotlan, 1920 (page 649).
C. auriculatum Looss, 1902 (page 650).

Mouth capsule with a hoop-like thickening at the posterior

margin. Elements of the internal leaf crown generally small and
numerous, originating close to the anterior margin of the mouth
capsule. Posterior extremity of the female straight or only slightly

bent dorsally.

Group 4.—Calicatum group or subgenus Cylicostephanus Ilile,

1922:—
C. calicatum Looss, 1902 (page 651).

C. minutum Yorke and MacFie, 1918 (page 652).

C. longibursatum Yorke and MacFie, 1918 (page 653).

C. hybridum Kotlan, 1920 (page 654).

C. poculatum Looss, 1902 (page 654).

C. asymetricum, n.sp. (page 655).

Mouth capsule usually cylindrical or may be trapezium-shaped
in optical section. Elements of the internal leaf crown mostly short

and originating near the anterior margin of the mouth capsule.

Posterior extremity of female usually straight.

Group 5.

—

Bicoronatum group or subgenus Cylicodontophoi us

Ihle, 1922:—
C. bicoronatum Looss, 1902 (page 656).

C. euproctus Boulenger, 1917 (page 657).

C. ihlei Kotlan, 1921 (page 658).

C. ultrajectinum Ihle, 1920 (page 659).

Submedian papillae mostly conical in shape, with short rounded
tips

;
external leaf crown usually composed of numerous thin

elements
;
those of the internal leaf crown are exceptionally large.

Mouth capsule short and wide. Posterior extremity of the female
straight. Vulva may be situated some distance away from the anus.

Group 6.

—

Brevicapsulatum group:—
C. brevicapsulatum Ihle, 1920 (page 660).

C. prionodes Kotlan, 1921 (page 661).

Characterized by the extreme shortness of the mouth capsule.

Posterior extremity of the female straight.

Group 7.—Montgomeryi group.—Dorsal and ventral walls of the

mouth capsule are much longer than the lateral walls :
—

C. montgomeryi Boulenger, 1920 (page 662).

Genus Oesophagodontus Pailliet and Henry, 1902.

Oesophageal funnel well developed and with three teeth, which,
however, do not project into the buccal cavity. Bursa is bilobed

and closed all round, no trace of a median (dorsal) lobe present. No
median dorsal ray. The postero-lateral ray has an accessory branch.

Margins of bursa finely denticulated. Post termination of female

body pointed or mucronate, vulva comparatively far removed from
tip of tail.

Type species O. robustus (Giles, 1892) Railliet and Henry, 1902
(page 662).
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Genus Poteriostomum Quiel, 1919.

Adult stage usually measures more than 15 mm. in length.

Elements of the external leaf crown small and numerous
;
those of

the internal large and well developed
;
according to the species these

may all be equal in size, or some of the elements may be differentiated

from the others by their greater length.

The supporting rays form two distinct groups antero-median
and posterior. The postero-external (externo-dorsal) ray arises from
a common trunk with the dorsal. The main trunk of the dorsal ray
is not split to the base, but only for about half its length, the two
lateral branches arising from the undivided portion close to the

point of origin of the postero-external rays. These two lateral

branches run parallel to one another and to the externo-dorsal ray,

and are almost at right angles to the main dorsal ray. Posterior

extremity of the female shows no bosses
;
anus and vulva some con-

siderable distance from one another; anus situated far from the tip

of tail.

Type species Posteriostomum imparidentatum Quiel, 1919. But
two species of this genus are recognized at present, viz. :

—
P. imparidentatum Quiel, 1919 (page 664).

. P. ratzii Kotlan, 1919 (page 665).

Genus Craterostomum Boulenger, 1920.

Mouth capsule constricted at its anterior and posterior openings.
Mouth capsule wall thickened at its anterior border. Elements of

external leaf crown large and few in number. Those of internal

leaf crown are short and broad, originate from anterior edge of the
mouth capsule, and are more numerous than those of external leaf

crown. Dorsal gutter well developed. Border of the bursa finely

denticulated. Bursa is continuous over ventral side of the body.
Anus and vulva removed from one another

;
anus some distance in

front of tip of tail.

Type species Craterostomum tenuicauda Boulenger, 1920.
This genus contains the three forms:—

C. tenuicauda Boulenger, 1920 (page 667).

C. mucronatum Ihle, 1920 (page 668).

C. acuticaudatum Kotliin, 1919 (page 668).

Genus Gyalocephalus Looss, 1901.

Head separated from the rest of the body by a definite neck.
Mouth capsule and anterior portion of oesophagus highly com-
plicated in structure. At the base of the chitinized oesophageal
funnel are three pairs of chitinized ridges, which project anteriorly
as six pointed teeth. Bursa completely surrounds genital cone

—

prebursal papillae long and assume shape of genuine rays.

Long retractile genital cone.

Posterior extremity female long and tapering. Anus and vulva
far apart; anus some distance from the tip of the tail.

Type species Gyalocep}uilus capi tat us Looss, 1900 (page 669).

Genus Triodontophorus Looss, 1902.
Characterized by the presence of three large teeth, which project

into the buccal cavity. Elements of external leaf crown numerous

;

elements of internal leaf crown low and project internally as small
septa.

Dorsal gutter well developed. Margin of bursa finely dent*
culate. Bursa closed ventrally.
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Type species T. minor Looss, 19U1.
This genus contains four species parasitic in equines :

—
T. minor Looss, 190U (page 670).
I. terrains .Looss, 1900 (page till).

T. bremcauda, Boulenger, 1916 (page 67-5).

T. tenuicollis Boulenger, 1916 (page 675).

Genus Cylind ropharynx Leiper, 1911.
Buccal capsule abnormally deep. External leaf crown consists

of six large teeth corresponding in position to the head papillae.

The two situated laterally are larger than the four submedians, each
is notched, longitudinally grooved, suggesting an origin by fusion
of at least two elements. Dorsally and vent-rally the external leaf'

crown is deficient, but from each of the dorsal and ventral lips of

the mouth collar, there projects horizontally inwards a broad
crescentic plate, the free concave margin of which is directed towards
the axis of the mouth. Internal leaf crown consists of 12 large
elements.

Margin of bursa denticulate. Posterior extremity of female
straight and pointed.

Type species C. brevicauda Leiper, 1911:—
C. brevicauda Leiper, 1911 (page 676).

C. longicauda Leiper, 1911 (page 677).

C. rhodesiensis Yorke and MacFie, 1920 (page 678).

C. intermedia, n.sp. (page 679).
This genus has up to the present only been reported from the

zebra.

2. Family Tkichostrongylidaj£ (Leiper, 1912).

Strongyloidea, meromyarian or polymyarian, body filiform

(capillaire)
;
mouth surrounded by six papillae (not always very

distinct). Bursa capulatrix typical and well developed, dorsal ribs

simple or double
;

buccal capsule, absent or only rudimentary

;

oviparous, eggs undergoing segmentation at ovi-position
;

female
genital organs simple or double.

Habitat digestive tract of vertebrae.

Type species "Trichostrongylus Looss, 1905.

Subfamily Trichostrongylinae Leiper, 1908.

Ttichostrongylidae : Usually reddish, female genital apparatus
double

;
ovijeetor well developed

;
vulva in the posterior half of the

body; uteri usually divergent; gubernaculum and prebursal papillae

may. be present or absent; dorsal ray single or double.

Genus Trichostrongylus Looss, 1905.
Trichostrongylinae: Small, delicate, and generally reddish, body

gradually tapering towards anterior extremity commencing in front

of genital aperture. Head without inflations; three lips not very
distinct; papillae “ ponctif'ormes ” or noduliform, very small;
transverse striation very fine and longitudinal ridges not always
distinct; cervical papillae not visible; oesophagus long, with single

dorsal gland well developed
;
nerve ring and excretory pore at level

of middle of oesophagus. Lateral bursal lobes very large, posterior

lobe not well developed^ Ventral rays widely separated and of

different sizes, the ventro-ventral ray slender and directed ventrally,

The classification of the Trichostrongylidae is that adopted by Travassos (2).
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t be ventrolateral large and near the three laterals; the latero-

posterior more slender than the other two and near to the externo-

dorsal
;

dorsal ray short and split at its extremity
;
spicules of a

peculiar shape, typical for each species. At the proximal extremity
there is an expansion in the form of an escutcheon where the,

retractor muscle is inserted, at its distal extremity there is an angular
projection, which may he absent; gubernaculum also of peculiar

shape prebursal papillae very small or entirely absent, testes single,

uterus and ovary slightly sinuous, ovijector well developed, vulva
in posterior half of the body, in the form of a straight or semilunar
slit, surrounded by chitinous lips, which project but slightly; tail

short, with a pair of small papillae near its extremity; eggs of

average size, with thin colourless shell; segmentation commences in

the uterus.

Habitat.—Small intestines and stomach of vertebrates.

Type species Trighostrorigylus retortaeformis (Zeder, ltOO)
Looss, 1907.

Only one species of this genus is present in equines Trich ostron-
gylus axei (page 681).

3. Family Metastrongylidae Leiper, 1908.

Strongyloidea : Buccal capsule absent. Bursa not well
developed, supported by atypical rays; oviparous or ovoviparous

;

embryos developed at oviposition.

Habitat.—Circulatory or respiratory systems of mammals, rarely

in digestive tract.

Subfamily Metastrongylinae Leiper, 1908.

Metastrongylidae : Buccal capsule absent. Male with two equal
spicules and female with two ovaries. Eggs in varying stages of

development when oviposited, embryo not rhabditiform.
Type genus Metastrongylus Molin, 1861.

Genus Dictyocaulus.
Mouth circular and naked

;
caudal bursa has the posterior rays

lobed
;
median rays simple, bilobed or bifid

;
anterior double, the

anterior branch being the shorter. Two thick short spicules brown
and alveolated, accessory piece present. Vulva situated in the middle
of the body; uteri divergent; embryos developed in eggs at oviposi-

tion :
—

D. viviparus (S. micrvrus Mehlis) (page 681).
D. arnfeJdi Cobbold, 1884 (page 681).

Superfamily ASCAROIDEA Bailliet and Henry, 1915.

Synonym Ascaridea Diesing, 1861, of Travassos, 1914.
Diagnosis.—Mouth commonly provided with two or three

prominent or inconspicuous lips, which are often supplied with
papillae, but the mouth may be of variable shape and without lips.

When three lips are present one is median and dorsal, the others are
submedian and are approximated in the ventral line. Buccal capsule
is not present. Males are provided with one or two spicules, rarely
with none. Female with two ovaries, oviparous. As a rule develop-
ment is direct and without an intermediate host; exceptionally (as

in Ascarids of fish) there is an intermediate host. The two families
Ascandae and Oxyuriclae have representatives, parasitic in the horse.

(( )xyuridae, page '624.)

Type family Ascaridae Cobbold, 1864.
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1.

Family Ascaridae Cobbold, 1864.

Ascaroidea : Polymyarian, mouth with three prominent lips

supplied with papillae, the dorsal lip being median and the two
others submedian and approximated in the ventral line

;
or with three

main lips and three relatively prominent or inconspicuous inter-

mediate lips (interlabia). Male usually with two spicules. Caudal
extremity of female terminates conically and fairly abruptly.

Type genus Ascaris Linnaeus, 1758.
Subfamily Ascarinae Travassos, 1915, has the characters of the

family.

Genus Ascaris Linnaeus, 1758.

Synonyms Stomachida Pereboom, 1780; Fusaria Zeder, 1800;
Lovibricoides Merat, 1821.

Ascarinae : Mouth with three well-developed lips. Male with
two equal spicules, and with numerous papillae on the ventral surface

of the body in front of and behind the anus. Vulva near middle
of body or anterior to this point. Shell of egg thick, with numerous
mamillate projections on its outer albuminous layer.

Type species Ascaris lumbricoides Linnaeus, 1758.

Two species of the genus are parasitic in equines.

1. Ascaris megalocephala (Cloquet, 1824) (page 681).

2. Ascaris zebrae (Sckrijabin, 1916) (page 682); A. zehrae

has only been reported from the zebra.

2. Family Oxyuridae (Cobbold, 1864).

Ascaroidea: Meromyarian. Mouth with simple usually 'incon-

spicuous lips. Males usually with one spicule, at times reduced,

imperfectly chitinized or absent. Caudal extremity of female much
elongated and subulate. Vulva anterior. Eggs characteristically

flattened on one side.

Type genus Oxyuris Rudolphi, 1803. ,

Seurat, 1915, states that the Oxyuridae, although considered by
most authors as belonging to the Ascaridae

,

are very distinct and
should be considered as a special group having the same origin as

the HeteraJadae, but having evolved independently of the latter.

The Ascaridae he would consider as the extreme type of ramification

of what he calls the phylum Heteralddae.

Railliet and Henry, 1916 (5), have divided the Oxyuridae into

five groups :
—

1. One spicule, no accessory piece:—
(a) Vulva anterior Oxyuris.

(
b) Vulva posterior.

2. One spicule, and accessory piece:—
(a) Vulva anterior.

(b) Vulva posterior.

3. Two unequal spicules, vulva in or behind middle.

4. Two equal spicules, vulva in middle, rarely before that point.

5. Two unequal spicules and accessory piece. Vulva near anus.

Atractis. Crossocejrhalus.

Gedoelst, 1916 (2), divides the Oxyuridae into two groups

according to the arrangement of the female genital organs :
—

Group 1.—Genital apparatus simple, vulva near to anus.

Atractis. CrossocepJmlus.
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Group 2.—Genital apparatus double.
= Group 1-4 of Railliet and Henry Oxyuris.

1. Genus Oxyuris Rudolphi, 1803.

Synonyms Oxyurus Lamarck, 1816
;

Lepturis Scklottliauber,

1860; Dermatoxys Schneider, 1866; Oxiurus, Sonsino, 1878;
Oxyurus Rudolphi, 1803, of Brumpt, 1910; Syphacia Seurat,

1916; Fusarella Seurat, 1916.

Oxyuridae: Mouth naked or surrounded by slightly salient lips.

Oesophagus long, followed by a bulb, usually quite distinct. Males
small and of relatively rare occurrence; provided with one spicule,

which may be imperfectly cliitinized or not developed. One or

more pairs of papillae in the vicinity of the cloacal aperture.

Females have the caudal extremity greatly elongated or subulate;

there are two ovaries. As a rule the vulva is located in the anterior

portion of the body. Eggs elongated, thin-shelled, asymmetrical,
llaitened on one side and ending in rounded points. Embryo may
or may not be formed at oviposition.

Type species Oxyuris equi (Schrank, 1788) Blanchard, 1849
(page 683).

2. Genus Crossocephalus.
Synonym Pterocephalus Yon Linstow, 1899 (page 683).

Crossocephalus is now placed in the family Oxyuridae next to

Atmctis, with which it shows the following affinities:—
Oesophagus composed of two parts with a distinct bulb

;

excretory pore complex, two unequal spicules, vulva in posterior

part of body just in front of anus; female genital apparatus
simple

;
viviparous

;
embryos well developed before leaving

uterus.

Type species Pterocephalus viviparus Yon Linstow, 1899.

Before this Leiper (3) was inclined to create a new family for

Crossocephalus. Railliet and Henry (3) in their classification of

Ascaridae suggested that Crossocephalus might be ranged next to

Anisakies Dujardin, 1845, in the subfamily Anisalanae; Travassos

(1) places it in the superfamiiy Rhabiasoidea (Railliet and Henry,
1916) in the family Atractidae (Travassos, 1920).

Family Anguillulidae Dujardin, 1845.

Yery small nematodes; oesophagus with two bulbs; chitinous

spines or teeth present in the buccal cavity; two equal spicules;

caudal bursa may be present; vulva at middle of the body. Usually
free living in fresh water or decaying matter, a few parasitic on
plants, rarely on animals.

Genus Probstmayria Ransom, 1907.

Small spindle-shaped forms, truncated anteriorly and with long
gradually attenuated, acutely pointed tail. Cuticula thin, trans-

parent and free from spines or setae. Mouth with six lips. A small
lateral organ of unknown function in relation with each lateral lip

and the anterior portion of the body. Pharynx elongated, cylindrical.

Oesophagus with two portions
;
anterior portion long and slender

;

posterior portion shorter and pyriform with a bulb containing a
denticular apparatus. Anus about two-thirds the length of the body
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from the anterior end. Male with two short, nearly equal spicules;

without bursa, and with a number of pairs of post anal papillae.

Vulva of female at about the middle of the body. Eggs few, hatching
in the uterus, and developing into embryos, which at birth exactly

resemble the parent, except that the sexual organs are undeveloped.

Type species Probstmayria vivipara (Probstmayr, 1865), Ran-
som, 1907' (page 688).

Synonyms Oxyuris vivipara (Probstmayr, 1865, of several

authors); Rhabdbonema vivipara Railliet, 1893; Strongy-
loicl'es riviparus (Probstmayr) Liastow, 1905; Oxyuris sp.

Looss.

This species was first described by Probstmayr, 1865, under the
name of Oxyuris vivipara. Perroncito, 1882, considered' that it

should be placed more properly in one of the two genera Rhabdotiema
or Anguiltulu, and in 1893 Railliet assigned it to the genus
Anguillula.

Gedoelst. in his “ Synopsis de Ptrrasitologie,” places it next to

the genus Strongyloides in the. family Angiostomidae

.

However,
in 1907 Ransom indicated its definite position and raised it to a new
genus Probstmayria, of which it is the sole representative.

Travassos (1) places it in the family Oxyuridae (Cobbold, 1861),

subfamily Oxysomatinae (Railliet, 1916).

Stperfamily FILAUTOTDEA (Weinland, 1858) Stiles, 1907.

Body usually very long and slender. Mouth with two lips or

without lips and surrounded by eircumoral papillae. Oesophagus
slender, without posterior bulb. Anus subterminal. Male with a
single spicule or with two unequal spicules. Tail provided with
papillae, usually curved spirally, bursal alae may be present or

absent. Female larger than male. Vulva present or, less often,

absent in gravid females; when present, usually anterior of the

middle of the body or near the middle, rarely near posterior

extremity. Two, four, or five uteri. Oviparous, ovoviparous or

viviparous. Development in many cases, perhaps all cases, inquires

an intermediate host.

Type family Filariidae Claus, 1885.

Analytical key to families of Filarioidea :
—

1. Mouth without lips; vulva near anterior extremity of

body. Filariidae (see below).
2. Mouth with two lips; or mouth without lips in forms

where vulva is near posterior extremity of body. Spi-
nt ridae (page 627).

1. Family Filariidae Claus, 1885.

Filaroidae : Body long and filiform. Mouth without lips. Male
with two spicules, usually quite dissimilar. Vulva near the anterior

extremity of the body. Adults subcutaneous, in blood or on serous

surfaces.

Subfamily Filariinae Stiles, 1907.

Filariidae : Vulva anterior, near mouth. Spicules quite dissi-

milar . Intermediate stages so far as is known occur in blood-sucking
arthrapoda.

Type, genus Filaria Mueller, 1787.



Genus Setaria (Viborg, 1795) Railliet and Henry, 1911.

Filariinae : Mouth with projecting peribuccal armature deeply
notched on the lateral margins, less so dorsally and ventrally

;
so as

to give the impression of two teeth when seen laterally and four wdieu
seen at an angle. Tail in both sexes with peculiar caudal appendages.

Type species Setaria (Gordiits )
equina. Abildgaard, 171:9

(page 688).

2. Family Spieukidae Oerley, 1885.

Synonyms Spiruroidea Railliet and Henry, 1915; Spirurata
Descazeaux, 1915.

Filarioidea : Mouth with two lips, or without lips in forms
where .vulva is near posterior extremity of body. Male with posterior
extremity of body commonly expanded and alate. Female with vulva
usually in middle of body, exceptionally near the posterior extremity
as noted above. Railliet and Henry, 1915, treat this as a super-
family the Spiruroidea.

(a) Subfamily Spirurinae Railliet, 1915.

Synonym Physalopterinae (Railliet and Henry, 1912, in part).

Spiruridae : Females with two uteri and with vulva in the
middle portion of body, not close to anterior or posterior extremities.

Pharynx without circular rings or spirals.

Type genus Spirura Blanchard, 1849.

Genus Habronema Diesing, 1861, Seurat (3).

Characterized by lateral wings (organs of support and propul-
sion) sensorial organs (papillae; situated in very anterior region of

the body, mouth surrounded by lips, spicules unequal, guiding piece

or gubernaculum present
;
post anal papillae asymmetrical

;
vulva

small and not projecting, uteri divergent, especially at ovijector.

Type species Habronema muscae Carter, 1861.

The following species are parasitic in equines in South Africa :
—

Habronemae muscae Carter, 1861 (page 689).
H. (

Spiroptera
) megastoma Rudolphi, 1819 (page 691).

H. {Spiroptera) microstoma Schneider, 1866 (page 692).

H. zebrae, n.sp. (page 693).

( b ) Subfamily Arduenninae Railliet and Henry, 1911.

Spiruridae : Mouth with two lips leading into a pharynx, which
is strengthened by cuticular ridges in the form of rings or spirals.

Spicules unequal, the longer several times the length of the shorter.

Four pairs of preanal papillae. Eggs containing embryos when
oviposited.

Type genus Arduenna Railliet and Henry, 1911.

.
Genus Physocephalvs Diesing, 1861.

Arduenninae : Body elongated, tapering slightly anteriorly.

Head marked oh from the remainder of the body by a cuticular
inflation, ending abruptly in a circular line a short distance, in

front of the posterior end of the pharynx. Extending from the base
of the cuticular inflation to about the middle of the body are six

lateral alae three on each side, the middle wing on each side being
wider than the others. Mouth with two lips, each incised to form
thi'ee lobes and each lobe bearing a papilla. The mouth communi-
cating with an inconspicuous buccal cavity, which is without teeth,

and this in turn opens into a relatively long and wide pharynx. The



G28

walls of the pharynx are marked by cuticular ridges in the form of

both spirals and rings, and extending the length of the pharynx.
The tail of the male is twisted spirally and furnished with a narrow
symmetrical bursa, supported by four pairs of preanal papillae.

Spicules long and unequal, the left spicule about five times as long
as ti.e right. Vulva somewhat posterior of the middle of the body.
Eggs smooth, with thick shells and containing embryos when ovi-

posited. Usually parasitic in the stomach of Suidae and rodents.

Type species Physocephalus sexalatus (Molin, 1860) Diesing,
1861.

Physocephalus sexalatus (Molin, 1860) Diesing, 1861, has bren
reported from the donkey by Seurat (1) (page 696).

SPECIFIC DIAGNOSIS.

Strongylus equinus (Muller, 1780), Looss, 1900. (Plate I.)

Synonyms Strongylus armatus (Pudolphi, 1803) ;
Sclerostomum

equinum (De Blainville, 1828); Strongylus neglectus
(Poeppel), 1897 ;

Sclerostomum quadridentatum (Sticker,

1901).

Size .—Very large. Male 26-35 mm., with a maximum breadth
of 1.1-1. 3 mm. Female, 38-41 mm. (45-47, Looss), with a maximum
breadth of 1.8-2.10 mm.

Head .

—

1 . 1-1.2 mm. is not marked off from the rest of the body.
Mouth collar high.
Head papillae.—Submedian, projecting as short points beyond

the surface of the mouth collar. Lateral papillae not prominent.
Mouth capsule shows a regular ellipsoidal shape almost equally

rounded at both the anterior and posterior ends. 1.1 mm. deep,
0.8-0. 9 mm. wide. Three teeth project into the buccal cavity; one of

which is a projection formed by the walls ‘of the dorsal gutter, and
has its free extremity divided into two points. The two others,

smaller in size, arise at a position which corresponds to the tops of

the two subventral divisions of the oesophagus. All the teeth have
a fairly elongated conical shape with rounded terminations.

Dorsal gutter well developed, its wall bearing the projection

forming the dorsal tooth.

Leaf crowns .—External leaf crown consists of numerous
elongated leaf-like elements arising from the anterior extremity of

the mouth collar. Internal, a row of small hair-like elements.
Oesophagus .—Long and slender 1.8-2. 5 mm.

;
slightly dilated at

its junction with the mouth capsule, then gradually narrows down
to the level of the nervous system; behind which it dilates, reaching
its maximum thickness of 0.5 mm. a short distance before its termina-
tion.

Excretory pore far forward, just behind the mouth collar.

Cervical papillae at the level of the nerve ring.

Posterior extremity . male.—Bursa small, median lobe short and
somew’hat square in outline. Lateral lobes large and marked off

from the posterior. Dorsal ray rather slender, short, 500-600/x in

length, its branches arising near to one another, and are sub-equal.

Externo-dorsal and laterals long and tapering. Ventrals short.

Prebursal papilla very short.
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Posterior extremity
,
female.—Long and tapering to a blunt tail.

Anus 0.5-0. 6 mm. from the tip. Vulva 12-14 mm. from the posterior

extremity. At this level the body has a breadth of 1.6-1. 8 mm.
Occurrence.—May occur throughout the colon and caecum,

though preponderant in the ventral colon. Parasitic in the horse,

mule, and donkey.

Strongylus edentatus Looss, 1900. (Plate II.)

Synonyms Sclerostomum equinum. Looss, 1900; Sclerostomum
equinum pro parte.

Size .—Male, 23-26 mm. in length; maximum breadth 1.3 mm.
Female, 33-38 mm. in length; maximum breadth 1.6-2. 2 mm.

Head.— Is distinctly divided off from the remainder of the body,
the neck-like construction being particularly marked in the female.

Mouth collar comparatively high.
Head papillae.—The distal portions of the submedian scarcely

projecting beyond the level of the mouth collar. Lateral papillae

short, with a broad base.

Mouth capsule cup-shaped, its largest diameter of 0.85-1.1 mm.
being near its anterior opening, and gradually diminishing towards
the floor.

Dorsal gutter well developed, no tooth-like projections make
their appearance from its base. Small irregular teeth may make
their appearance at the top of the subventral divisions of the
oesophagus.

Leaf crowns, external of numerous sharply-pointed leaves.

Internal consists of a row of low conical teeth.

Oesophagus long and slender, 1.8-2 mm. in length with a

maximum breadth of 0.4-0. 6 mm.
Excretory pore far forward, shortly behind the mouth collar.

Cervical papillae at level of the nerve ring.

Posterior extremity
,
male.—Median lobe square and very short

indeed, two well developed rounded lateral lobes, marked off from the
posterior. Dorsal ray 400-475/x in length, bears small, very slender,

branches, the external branch being the longest. Externo-dorsal
ray slender. Lateral rays have very broad bases, with slender
terminal portions, the medio-lateral and postero-lateral converge
slightly. Anterior rays slender. Prebursal papilla long. Genital
cone not well pronounced; dermal collar slightly developed on ventral
surface.

Posterior extremity, female, tapers bluntly. Anus 450-600/x
from tip. Vulva 10 mm. from tip. Breadth of body at level of
vulva 1.6-1. 9 mm.

Occurrence.—S. edentatus shows a decided preference for the
ventral colon, where it may occur in large numbers. On the whole,
however, it is less frequently met with than the other two of Looss’
forms. It occurs as a parasite of the horse, mule, and donkey, and
has been reported from a zebra from the Zoological Gardens in

London.

Strongylus vulgaris Looss, 1902. (Plate III.)

Synonyms Scelerostomum vulgare, Looss, 1900 ;
Sclerostomum

arrnaturn Budolphi, according to Poeppel, 1897; Sclerosto-
mum Indentatum (Sticker, 1901).



Size .—The smallest of the strongyli, the male, measuring
14—1G rnm. in length, with a maximum breadth of 0.75-0.95 mm. The
femaie is 20 mm. (23-24 mm.

,
Looss), with a maximum breadth of

i .25-1 .4 mm. The anterior extremity presents a truncate appear-
ance; the caudal extremity in the female is slender and pointed.

Head .—Head not set off from the rest of the body.
Mouth collar comparatively high.
Head papillae .—The distal portions of the submedian scarcely

projecting beyond the surface of the mouth collar. Lateral papilla

short.

Mouth capsule slightly cup-shaped, its dorsal aspect a little more
convex than the ventral one. Its maximum diameter 560-600y near
its anterior opening; its average depth 46-53/x.

Dorsdl putter well developed, a tooth projecting from its base.

Seen from the ventral or dorsal view the termination of this tooth

presents two fairly large and broad ear-shaped projections.

Leaf crowns, external composed of numerous sharply-pointed
leaves. Internal consists of a row of low conical teeth or plates.

Oesophagus.—Long and slender; 140-170y in length, with a

maximum thickness of 32-40y.
Excretory pore and cervical papillae situated at about the level

of the nerve ring, 1.45 mm. from anterior extremity.
Posterior extremity

,
male .—Bursa has a median lobe of average

length, roughly triangular in outline; lateral lobes well developed.
Dorsal ray comparatively broad, 550-600y in length. The arrange-
ment of its branches may vary somewhat. Lateral rays divergent,
ventrals long and parallel; prehursal papilla fairly long. Genital
cone small; dermal collar not developed; the cuticle of the cone,

however, being raised into a number of small hemispherical or button-
shaped elevations.

Posterior extremity, female .—Slender and pointed; Anus
1-1.2 mm. from tip. Vulva 6-6.5 mm. (8 mm., Looss). Breadth of

body at vulva about 1.2 mm.
Occurrence .—The commonest form in South Africa occurring in

the caecum and ventral colon of the horse, mule, donkey, and zebra.

Strongylus as ini Boulenger, 1920 (3). (Plato IV.)

Size.—Body large; male 18-32 /mm. .in length, with a maximum
breadth of 1.8 mm. Female 30-42 mm., with a maximum breadth
of 1.8-2. 5 mm.

Head .—0.6-1. 3 mm., is marked off from the rest of the body by a
slight constriction, similar to but not nearly as well defined as that

of S. edentatus.

Mouth collar deep and sharply marked off from the rest of the
skin.

Head papillae as in the other species.

Mouth capsule strongly developed, markedly cup-shaped when
seen in ventral or dorsal view. In lateral view the dorsal wall is

seen to be shorter and more convex than the ventral, recalling the

similar structure of S. vulgaris.

Dorsal gutter well developed, but considerably shorter than in

the other species, its anterior termination being some distance behind
the anterior margin of the mouth capsule. A single tooth arises

from its base; like that of S. vulgaris it is divided into two broad
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lateral projections, wliicli are, however, relatively much lower than
in that species, and subdivided by ill-defined grooves into a number
of. rounded cusps. The latter are variable in number; in the majority
of specimens, however, three principal cusps are conspicuous, each
composed of several smaller ones. There are no sub-ventral teeth

such as are found in S. equinus.

Leaf crowns as in the type species.

Oesophagus.— 1.6-2. 4 mm. in length.

Excretory pore situated in the head region just' behind the mouth
collar.

Cervical papillae are in the neighbourhood of the nerve ring,

about 1.5 mm. from the anterior extremity of: the body.
Posterior extremity

,
male.—The bursa is small as compared with

the size of the body, measuring up to 1.1 mm. in width. Median
lobe is short. Rays of the bursa are similar to those of S. edentatus,
i.e. they are more slender than those of S. equinus. The branches
of the posterior ray differ from; those of the other species, in that

the inner dorsal branch is simple, the external branch divided, the
converse of the arrangement prevailing in the genus. This character
may, however, not be specific. Boulenger was only able to examine
three male specimens, and the mode of branching, of the posterior

ray is liable to variation in many species of Strongyli. The spicules

measure approximately 1.6 mm. in length.

Posterior extremity of female.—Tapering. Vulva 6-7 mm.
from the posterior end of the body; the anus is 0.4-0. 6 mm. from the
posterior extremity.

Occurrence.—Described from the caecum and from a cyst in the
liver of the donkey in East Africa.

Cylicostomurn tetracanthum- (Mehlis, partem Looss). (Elate V.)

Synonyms Cylicostomurn tetracanthum (Mehlis, partem)

;

Strongylus teiracanihus (Mehlis, 1831) ;
Sclerostovia quadri-

dentatum (Dujardin, 1845)
;

Sclerostomum tetracanthum
(Diesing, 1851) ;

Cyathostomum tetracanthum (Molin, 1861)

;

Strongylus tctracanthus (Schneider, 1866); Cyathostomum
tetracanthum (Looss, 1900); Cylichnostomum tetracanthum
(Looss, 1902).

Size and shape.-—Males vary in length from 7-8 mm. (Looss, 9)

;

average thickness about 0.3 mm. Lemales, 8-9.5 mm. (Looss, 10-12).

Head insignificantly separated from the remainder of the body,
and in the females averages 130/* in breadth.

Mouth collar somewhat flattened towards its lateral border,
scarcely projecting laterally when mouth opening is shut.

Papillae.—Lateral head papillae not prominent. Submedian
head papillae moderately long, their bases somewhat broadened and
separated from the slender extremities by lateral notches.

Mouth capsule.—Circular, not deep, 12/* deep, 60y. wide, its

walls irregularly outlined, somewhat knee-shaped in profile, the
chitinized extra portion of irregular outline converging from before
backwards. Its posterior point of origin at anterior edge of mouth
capsule.

Dorsal oesophageal gutter.—A blunt tubercle at Hie floor of the
mouth capsule.
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Leaf crowns.—External leaf crown of about 22 elongated septa-

like leaves. Internal leaf crown originating from above the angle
of the knee, well developed leaves about twice as numerous as those

of external leaf crown.

Oesophagus .—Short and stout 300-400/* long, maximum breadth
112-120/*; cylindrical, with a slight thickening at its commencement.

Excretory pore immediately behind nerve ring.

Cervical papillae at about same level 280/* from anterior end.

Posterior extremity
,
male .—Medium sized median lobe, rounded

in outline, not definitely marked off from laterals. Dorsal rays
irregular in outline, and may have accessory branches. External
dorsal branch slightly shorter than the medium and posterior dorsal

branches. Laterals diverging; the tip of the median lateral con-
verging with the externo-lateral, genital cone short, dermal collar

developed on ventral surface only. Prebursal papillae short.

Appendages of the genital cone separated from one another, but
contiguous in the median line; ovoid, with a short blunt point arising
on its posterior surface.

Posterior extremity
,
female .—Usually straight, but with strongly

pronounced lateral prominences. Tail represented by a short acute
point, which may be slightly bent dorsally, anal opening at its

base 100-120/* from tip. Vulva 140-200/* in front of anus. Breadth
of body at level of vulva 360-420/*. Vagina short. Eggs 76-80/* by
36-40/*.

Occurrence .—In South Africa this species displays a manifest
partiality for donkeys, being present in nine of the eleven (donkeys)
examined.

In horses and mules it never occurred, and once only in the
zebra. Looss and Kotlan did not find it exclusively in donkeys.
Looss does not even enumerate it in his list of forms characteristic

for the donkey. Its chief haunt is the ventral colon, nor is it

infrequent in the dorsal colon. I only found it once in the caecum,
and then only in small numbers.

In Egypt (Looss) C. tetracanthum is found both in the horse and
the donkey, and is the commonest form. In Hungary (Kotlan) it is also

of frequent occurrence “ am liaufigsten in der unteren Colonlage.”

Cylicostomum lahratum (Loos, 1902). (Plate VI.)

Size and shape .—Delicate markedly slender worms. Male,
6.5-7 mm. (7-8 mm., Looss) in length; maximum breadth 280-340/*.

Female, 7.5-9 mm. (9-9.5 mm., Looss), maximum breadth 320-380/*.

Head 104/*, separated from body by a slight constriction.

Mouth collar distinctly set off, projecting anteriorly into four

lips.

Head papillae .—Lateral head papillae not prominent. Sub-
median head papillae moderately long, slender, distal extremity
separated off by a slight notch.

Mouth capsule circular in transverse section, short, in the main
cylindrical, 14-16/* deep, 40-44/* wide

;
its walls of moderate thickness

throughout. Extra chitinous support of the external leaf crown
present.

Dorsal oesophageal gutter does not project into the buccal cavity.
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Leaf crowns .—Leaves of external leaf crown about 18 in number,
their sharply-pointed tips clearly projecting beyond the mouth collar.

Internal leaf crown shorter and leaves more numerous, originating

just behind anteiior border of mouth capsule.

Oesophagus .—Average length 340y. Slightly swollen immedi-
ately behind the oral cavity, practically cylindrical, with but slight

increase in width in its posterior portion, where it attains its maximum
breadth of 80/t.

Excretory pore slightly in front of the long cervical papillae

240-280y from anterior end.

Posterior extremity
,

male.—Bursa exhibiting a rather short

median lobe, roughly triangular in outline, sometimes rounded. The
dorsal rays do not spread out much, but run backwards, keeping
nearly parallel, except at their tips, which diverge. Rays not very
thick. Accessory branches may be present. Laterals diverge.

Lxterno-dorsal arising near the postero-lateral, appendages of the

genital cone without projecting points, pear-shaped, their thinner
extremities diverging laterally.

Posterior extremity, female .—Straight, usually with pronounced
lateral notches; blunter than lahiatum. Tail representing a short

point. Anus 60-70y from tip of tail. Vulva 80-100y in front of

anus. At level of vulva the width of body is 140-160y. Vagina
short. Eggs 64-80y by 32-40y.

Occurrence .—Up to the present it has not been found in the
zebra, but it occurs frequently, though never in great numbers, in the
horse, donkey, and mule. Its favourite haunt is the ventral colon,

but it may also be met with in the caecum, or other parts of the
colon.

Looss cites it as the most characteristic form of donkeys, whereas
in South Africa it is present in proportionately the same number of
donkeys as horses, i.e. 55- per cent.

Cylicostomum ornatum (Kotlan, 1919) (1). (Plate VII.)

Size.—Female, 10-11 mm.
;
maximum thickness 0.51 mm. Male,

8-9 mm.; maximum thickness 0.34 mm.
Head.
Mouth collar similar to that of C. calicatum

,

its height is

equivalent to half that of the mouth capsule.

Head papillae .—Submedian papillae are long, needle-shaped,
and project well beyond the mouth collar. Lateral papillae shorter
with a broader base.

Mouth capsule is similar in structure to that of C. labratum
(Looss), 29y high; walls diverging from before backwards, immedi-
ately in front of posterior opening of oral cavity, it is nearly twice
as broad as high, 56/x. The walls of the buccal cavity are thin
anteriorly (pointed in optical section), but soon attain their greatest

thickness; after this they decrease in breadth, and end bluntly at

their posterior end.

Dorsal oesophageal gutter opens as a slight tubercle in the
posterior third of the mouth capsule.

Leaf crowns .—External leaf crown inserted ai the base of the

mouth collar, consists of 20-24 long lancet-like elements; not very
refractive, project for a third of their length beyond the mouth collar.

34
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Internal leaf crown arises at the anterior thickened portion of the
moutli capsule. It consists of 36-44 comparatively short pointed
elements, which are nearly three times as long as broad.

Oesophagus.—Slightly swollen immediately behind the buccal
cavity, cylindrical up to the level of the nerve ring. On the whole,
however, flask-shaped, female 0.51-0.53 mm. in length, male 0.44-

0.47 mm.
;
maximum thickness 0.121 mm.

Excretory pore in the last third of th© oesophagus. The thin
pointed cervical papillae are at about the same level.

Posterior extremity
,
male .—The middle lobe of the bursa is com-

naratively short and broad. The' dorsal rays originate in a thick
trunk, no accessory branches.

Posterior extremity
,
female.—Resembles that of C . tetracanthum,

somewhat “ knotty,” lateral notches present, with result that tail

region is at an angle to longitudinal axis of body. Anus immedi-
ately in front of tail region, vulva near to anus.

Occurrence.—This species has up to the present only been
reported from Hungary (Kotlan) (1).

Discussion.—There is a striking resemblance between this new
species and C. labratum, especially in the size of the worm and in

the structure of the posterior extremity of both the male and the

female. The structure and the outlet of the dorsal gutter, however,
differentiate it from Looss’ form. In his description Kotlan states

that “ Die mundkapsel ist nach dem Typus derjenigen von C.

labratum gebaut.” In his drawing, however, he does not figure

the extra chitinous supports of the external leaf crown, which is so

characteristic of the tetracanthum group. According to the drawing
of the head region C. ornatum ought rather to be placed in the

alveatum-catinatum group, where it would come next to C. goldi.

Cylicostomum labiatum (Looss, 1902). (Plate VIII.)

Synonym Cyathostomum labratum (Looss, 1900), ex parte.

Size considerably larger and stouter than C. labratum. Males,

7.75-8.5 mm. (Looss, 8.5-9 mm.); maximum thickness, 360-400/*.

Females, 9.5-10.75 mm. (Looss, 10-11 mm.); maximum thickness,

440-520/*.

Head.
Mouth collar distinctly set off, projecting anteriorly into four

large lips, covering almost entirely the front of the head.

Papillae as in C. labratum, the distal portions of the submedian
papillae, however, slightly longer.

Mouth capsule circular, extraordinarily short, 12-16/* deep and
50-56/* wide. Its walls thick, but decreasing in thickness toward

the anterior and posterior openings. Extra chitinous supports of

the external leaf crown are present.

Dorsal gutter represented by a well developed blunt tubercle.

External leaf crown composed of about 19 long and sharply-

pointed leaves, their extremities scarcely projecting out of the mouth
opening. Internal leaf crown starting at thickest portion of the

wall of the mouth capsule.

Oesophagus rather thicker than in C. labratum. 360-380/* long,

with a maximum breadth of 96-112/*.

Excretory pore and Cervical papillae at about the same level

lust behind the nerve ring 300-380/* from anterior extremity.
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Posterior extremity, male .—Bursa possessing a rounded median
lobe of extreme shortness. Dermal collar exceptionally well
developed ventrally, medio- and postero-lateral rays converge, the
dorsal rays show a tendency to develop irregular outlines or even
accessory branches. Appendag’es of the genital cone absent; replaced
by two medium-sized pointed prominences of the posterior part of
the dermal collar directed towards each other.

Posterior extremity
,
female, constantly raised towards the dorsal

aspect
;
tail represented by a short point usually bent ventrally. One

pair of flat lateral knots. Anus 45-80/* from tip of tail measured
diagonally. Vulva 120/* in front of anus; at this level the body has
an average thickness of 140-160/*. Eggs 76-80/* by 32-38/*. Vagina
of average length.

C. labiatium (Looss) var. digitatum. Ihle, 1921 (10).

Ihle describes a variety of C. labiaium Looss which agrees in

the main with the typical form.

Males, 7-8 mm.; immature females, 8-8.75 mm. Oesophagus,
345-410/*. The dorsal lobe of the bursa varies in length, and is

generally longer than in Looss’ form. Length of the dorsal ray
measured from point of origin of the postero-external ray varies from
310-380/*. Besides the processes of the dermal collar present in the
typical form, this variety shows finger-like processes on both sides of

the posterior part of the genital cone
;
the number and form of these

processes fluctuate—as many as three may be present.

Posterior extremity of female as in the typical form. Distance
from anus to vulva is smaller (ca, 95/* in immature), and the distance

from anus to tip is 80-110/* measured along the axis of the body.

(>ccurrence .—Both these forms occur in South Africa
;
the typical

form, however, being the more abundant. In size it is generally

somewhat smaller than the Egyptian form. They are to be found
in practically all portions of the colon, but more especially in the

ventral colon of horses, mules, and donkeys. Not reported from the

zebra as yet.

Cylicosto mum coronatum (Looss, 1902). (Plate IX.)

Size.—Males 8.75-9 nun. (Looss, 7-8 mm.); maximum breadth
340-360/*. Females 9.5-10 mm. (Looss, 9-10 mm.) ; maximum breadth
400-440/*. Body slender and delicate, females easily recognized even
with the naked eye by their whip-like posterior extremity.

Head .—116-120/*, sometimes appears separated from the body by
a very slight neck.

Mouth collar sharply set off against the remainder of the skin,

about as high as it is thick.

Head papillae submedian, with the distal portion rather long and
narrow. Lateral papillae not prominent.

Mouth capsule nearly cylindrical, considerably longer than in

the other species of this group (except perhaps ornatum), 44-50/*

deep by 24-28/* wide. Its walls remarkably thick throughout, except
at extreme anterior end, slightly bent inwards at about the middle.
The extra chitinous support of the external leaf crown may sometimes
be at right angles to the mouth capsule walls or nearly parallel to

them, according to the state of contraction of the mouth opening.
Dorsal gutter does not project into the buccal cavity.
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Leaf crowns .—External leaf crown composed of about 22 long
sharply-pointed leaves, which project beyond the mouth opening.
Internal leaf crown applied to the thin portion of the mouth capsule

;

its elements fairly short.

Oesophagus .—Cylindrical, with slight swelling at its posterior

extremity, 380-400/* long, with a maximum thickness of about 100/*.

Excretory pore and cervical papillae at a short distance behind
the nerve ring, 280-300/* from anterior extremity.

Posterior extremity, male.—Possessing a median lobe of con-
siderable length, and with almost parallel borders. Length of dorsal

ray measured from point of insertion of postero-external ray averages

600/*, medio- and postero-lateral rays rather thicker than the rest.

Accessory branches may be present on the dorsal rays. Appendages
of the genital cone somewhat removed from one another, almost
spherical, their apices beset with a number of delicate points.

Posterior extremity
,
female .—Straight and slender, the sub-

lateral knots hardly ever prominent. Distance from anus to tip of

tail 160-200/*. Distance from anus to vulva 120-140/* (Looss, 115/*).

At this level the body has a width of 140-160/*. Vagina 280-360/*,

fairly long. Eggs 80-90/* by 36^-44/*.

Occurrence .—Mainly in the caecum, but may also be present in

comparatively large numbers in the ventral colon. Found in the
zebra as well as in the domesticated equines.

Cylicostomum sagittatum (Kotlan, 1920) (3). (Plate X.)

Size .-—Males 10-11 mm.; maximum breadth 0.4 mm. Females
12-12.5 mm.; maximum breadth 0.5 mm.

Mouth collar is of medium height.

Papillae .—Submedian papillae project beyond the mouth open-
ing, conical base; lateral papillae not prominent.

Mouth capjsuie .—Depth 0.04 mm.,, decreasing in thickness
towards the anterior and posterior openings (0.1-0.12 mm.) converg-
ing slightly from before backwards. The extra chitinous supports
of the external leaf crown (i.e. pi’oblematic structure of Loos in the
substance of the mouth collar) greatly converging from before back-
wards.

Dorsal gutter opens at the base of the buccal cavity.

Leaf crowns .—External leaf crown composed of about 18-20
fairly broad pointed elements, hardly projecting beyond the mouth
opening, originating at anterior extremity of mouth capsule.
Internal leaf crown of numerous (70-80) narrow leaves, inserted at

the thickest portion of the mouth capsule.
Oesophagus.—0.6-0. 7 mm. long-, with a maximum breadth of

0.18 mm.
Excretory pore and cervical papillae just behind nerve ring in

the middle third of the oesophagus.

Posterior extremity, male .—Middle lobe is long, and conse-
quently dorsal rays are also long. Appendages of the genital cone
almost spherical, their apices beset with a number of delicate points

—

similar to those of C. poronatum.

Posterior extremity, female .—Similar in structure to that of
C. elonqatum, i.e. gradually tapering down to the anus, behind this
suddenly falling away into the short stout tail, lateral knots removed
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from one another and fairly prominent. At the base of the tail

0.14 mm. from the tip is the anus, distance between anus and vulva
0.16 mm.

Occurrence .—Only reported once from the caecum of a horse in

Hungary.

Cylicostomum alveatum (Looss, 1902). (Plate XI.)

Size.—Males 10-10.5 mm.
;
maximum breadth 0.5-0.55 mm.

Females 10.5-12.5 mm. (up to 13 mm., Looss)
;
maximum breadth

0.62 mm.
Head.—Males 140//. Females, ca. 160//, continuous with the rest

of the body.
Mouth collar ellipsoidial with its dorso-ventral axis, somewhat

longei than its lateral one, rounded in profile, separated from the
remainder of the skin by a flat furrow, or merely by a constriction.

Head papillae .—Submedian papillae very short, laterals not
prominent.

Mouth capsule fairly deep, 48-54//, not cylindrical, ellipsoidal in

cross section, its longer axis dorso-ventrally. Walls of the mouth
capsule tolerably thick, slightly bent inwards laterally, and thicker
than on the dorsal and ventral aspects. Owing to this arrang’ement
the mouth capsule offers a rather dissimilar appearance according to

whether it be viewed dorso-ventrally or laterally.

Dorsal gutter entirely absent; orifice of the dorsal oesophageal
gland situated on the floor of the oral cavity. .

Leaf crowns.—External composed of 29 short pointed leaves,

which hardly project beyond the mouth opening. Internal leaf

crown not originating in a single plane, but slightly nearer the
anterior extremity at the sides than dorsally and ventrally.

Oesphagas relatively short 660-800// (Looss, 600//), swelling
behind oral cavity, slightly narrowed down to the nerve ring, then
gradually enlarging, extreme diameter 160-190//.

Excretory pore and the fairly long cervical papillae at about the
level of the nerve, ring; 360-390// from anterior extremity.

]
Josterior extremity

,
male .—Medium sized, rounded median lobe,

which is usually somewhat closed; not distinctly separated off from
the lateral lobes by the usual notch. Length of posterior dorsal ray
measured from point of origin of postero-external ray 560-620//.

llays all divergent. Accessory branchings very frequent. Dermal
collar not well developed. Appendages of' the genital cone
cylindrical, somewhat diverging towards the sides; their free extremi-
ties continued into a rod-like process with rounded termination.

Posterior extremity, female.—Sharply bent to the dorsal aspect
at an obtuse angle; a pair of knot-like prominences arising on the
opposite side. The whole termination of the body thus assumes a

rather truncate appearance. A clitellum-like thickening of the sub-
cuticular substance is often seen embracing the body in front of the
sub-ventral prominences. Tail very short indeed. Anus 60-72// from
tip, vulva 70-80// in front of anus. Vagina long up to 900//. Eggs
80// by 40//.

Occurrence.—Mainly in the caecum. Very frequent in the
zebra In the domesticated equines it is rare; it was only present
in small numbers in one horse.
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Cylicostomum catinatum (Looss, 1902). (Plate XII.)

Size .—Males 7-8 mm.; females 9-9.5 mm., of an average tliick-

ness of 0.35 mm.
Head slightly thickened.
Mouth collar well developed and distinctly set off against the

remainder of the skin, its shape slightly ellipsoidal, with dorso-

ventral axis slightly longer than the lateral one; rounded in profile.

Head papillae .—Submedian papillae with fairly long distal por-

tions. Lateral papillas fairly prominent.
Mouth capsule fairly deep, ellipsoidal in cross-section with its

longer axis dorso-ventrally. Walls of. considerable thickness at the
sides slightly bent inwards and thicker than on the dorsal and ventral

aspects; so that the mouth capsule presents a different appearance
when seen laterally than from a dorsal or ventral aspect.

Jjeaf crowns .—External leaf crown of 21 pointed leaves, which
project beyond the mouth opening. Internal leaf crown not arising

in one place, but originating at the sides, somewhat nearer to the
anterior margin of the mouth capsule than dorsallv and ventrally.

Dorsal gutter absent, orifice of the dorsal oesophagus gland
opening on the floor of the oral cavity.

Oesophagus only slightly narrowed at the level of the nerve ring.

Excretory pore and cervical papillae at the level of the nerve
ring.

Posterior extremity
,
male .—Bursa remarkable for its extremely

short, not quite semi-circular, median lobe, accessory branches
present, genital cone short, directed almost exactly backwards.
Dermal collar well developed, appendages of the genital cone medium
length processes, with notched outlines and rounded extremities.

Posterior extremity of the female .—Terminal portion bent to the
dorsal aspect at about a right angle; the portion itself markedly
thin in comparison with the preceding portion of the body. Ventral
prominences large and projecting; tail exceedingly short; vulva
0.06 mm. in front of the anus.

Cylicostomum catinatum Looss var. litoraureum

.

(Yorke and Macfie,

1920) (10). (Plate XII.)

Size .—Male 9 mm., Females 8.75-12 mm., average 9.9 mm.
Indistinguishable from C. catinatum (Looss) excepting by the

characters of the genital cone, which exhibited a striking difference.

The appendages of this worm consist of two long finger-like processes,

each bearing a tubercle on its inner aspect and a short process
between them.

Cylicostomum catinatum (Looss) var. pseudocatinatum Yorke and
Macfie, 1919 (6). (Plate XII.)

* Svnouvm : Cylicostomum pseudocatinatum Yorke and Macfie,
'

1919.

Size .—Small delicate species. Males 5. 2-6. 6 mm., greatest

breadth 260y. Females 6. 1-7.7 mm., greatest breadth 320/x.

* Yorke and Macfie originally described this worm as a new species, but as
it does not differ more from C. catinatum than does C. catinatum var.
litoraureum it cannot be considered as a new species, but is rather to be looked
upon as a variety of C. catinatum Looss
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Head .—Neck separating1 the head from body is distinct.

Mouth collar marked off from rest of skin by a definite constriction.

Head papillae .—Submedian papillae pointed and projecting

beyond mouth opening. Lateral papillae prominent.

Mouth capsule .—Ellipsoidal with its longer axis dorso-ventrally.

Walls of mouth capsule are slightly kneed inwards, very stout pos-

teriorly and slender anteriorly. When viewed laterally the walls

converge considerably from before backwards
;
ventral wall longer

than dorsal as also in the typical form.

Dorsal gutter does not project into the buccal capsule.

Leaf crowns .—External of 20 large pointed elements. Internal

of numerous long narrow elements arising from the middle of the

mouth capsule, just anterior to the knee
;
the line of origin laterally

is somewhat nearer the anterior opening of mouth capsule than it is

dorsally and ventrally.

Oesophagus .—In the males 314-349/* long and 70-82/* broad. In
the females 322-363/* long and 72-83/* broad.

Excretory pore and cervical papillae at about the same level;

they lie over the third or fourth fifth of the oesophagus behind the

nerve ring.

Posterior extremity
,
male .—Dorsal lobe short almost semi-circu-

lar. Accessory branches present. Length of main trunk of posterior

ray from tip to point of origin of postero-external ray varies from
230-298/*. Dermal collar well developed. Appendages on each side

are represented by slight elevations, furnished with two conical

processes, the inner being the larger.

Posterior extremity
, female, is bent dorsally at right angles.

Ventral prominence large and projecting. Tail short and conical.

Distance between anus and vulva 45-85/*, distance from tip to anus
54-81/*.

Discussion .—These llnee forms wdiich are essentially the same
except for a slight difference in size and slight variations in the

appendages of the male genital cone, may yet prove to be the same
worm

.

Looss’ typical form has medium long processes with notched out-

lines and rounded extremities.*

Var. litoraureum has two long finger-like processes, each bearing
a tubercle on its inner aspect and a short process between them.

Var. pse udocat inatum .—Appendages on each side are represented
by slight elevations furnished with two conical processes, the inner
being the larger.

Even here the differences are not very great. The South African
worms pi’esented appendages, which in the main resembled those of

the pseudocatinatum variety, with slight variations. Thus a third

lateral process was occasionally developed, or more often tubercles

were added to the two original conical processes, some forms thus
presenting more the appearance of the litoraureum appendages. Be-
sides these slight differences in the appendages the measurements of

the South African worms were on the average slightly larger than
those given by Yorke and Macfie.

Males 5.75-7.25 mm. Maximum breadth 250/*-300/*. Females
6-7.75 mm. Maximum breadth 360/*.
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Occurrence.—C. catinatum var. pseudocatinatum displays a

decided partiality for the ventral colon, but may also be found in the

caecum and other parts of the colon. It may be present in great

numbers in horses, donkeys, or mules, but is entirely missing in the
parasitic fauna of the zebra.

Cylicostomum pateratum Yorke and Macfie, 1919 (6). (Plate XIII.)
— Cylicostomurn cymatostomum Kotlan, 1919 (1).

Size .—Males 8-9.5 mm. (10-11 mm. Kotlan), maximum breadth
380/* (0.6 mm. Kotlan). Females 8.4-11 mm. (13-15 min. Kotlan),
maximum breadth 393/* (0.7 mm. Kotlan).

Head separated from the body by a neck.

Mouth Collar.—High and marked off from the rest of the skin

by a constriction; is characterized by a peculiar narrowing opposite

the lateral papillae.

Head papillae submedian, pointed and projecting, their distal

extremities separated off by lateral notches. Lateral prominent.
Mouth capsule ellipsoidal in transverse section, its longer axis

running dorsal-ventrally. The lateral walls, seen in optical section,

are wedge-shaped, being slender anteriorly and stout posteriorly.

Anteriorly they are continued into the extra chitinous structure.

Inner surface notched at the insertion of the internal leaf crown.
When viewed laterally the walls of the buccal 'capsule converge
considerably from before backwards. 25-28/* deep; when seen from
the side the mouth capsule appears less deep owing to the fact that

the walls of the buccal capsule are set obliquely. Lateral diameter
at anterior opening 85-89/*, posterior opening 79-88/*.

Dorsal y utter does not project into the buccal cavity.

Leaf Crowns .—External leaf crown composed of about 22 large
pointed elements projecting out of the mouth opening. The internal

consists of numerous long narrow elements arising from a sinuous
line situated deep in the mouth capsule.

Oesophagus of medium size 530-595/* (Kotlan 0.76 mm.) slightly

swollen immediately behind the buccal cavity, cylindrical up to the
nerve ring, increasing in breadth behind this level and reaching its

maximum thickness 146-149/* (Kotlan 180/*) just before the posterior
extremity

Excretory pore and cervical papillae immediately behind the
nerve ring 30O-36O/* from anterior extremity.

Posterior extremity
,
male .—The dorsal lobe of the bursa is short,

about semi-circular. Length of main trunk of posterior ray from
the tip to point of origin of the postero-external ray 442/*. Small
accessory branches may be present. Externo-dorsal ray sharply bent
backwards. Lateral ray comparatively plump, all diverging slightly,

Ventrals parallel but not long; prebursal papilla of average length.

Dermal collar well developed on both the ventral and the dorsal

surface ot the genital cone. The appendages are represented by
slight elevations, furnished with three conical processes, the inner-

most bearing a long finger-like process. In some cases only the
innermost elongated process is present.

Posterior extremity
,
female.—The end of the body is bent dor-

sally at right angles. Ventral prominence large acd projecting.

Tail short and conical. Distance measured straight along the middle
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line of the tail from the tip to a line drawn horizontally through
the anus averages 1 14/x

;
distance between anus and vulva 104/*.

Vagina short 360-420/*. Eggs 88-100/* by 40-44/*.

Occurrence .—Of frequent though never numerous occurrence in

the horse
;
rare in the donkey and mule and as yet not reported from

the zebra. It is mostly found in the ventral colon.

Cyliostopium goldi (Boulenger, 1917) (2). (Plate XIV.)
Synonym C . tridentatum Yorke and Macfie, 1920 (8).

iSize .—A moderately small species of the genus Cylicostovium.
Males 5.2-6 mm. (7-7.5 mm. Y. and M.); maximum breadth 230-280/*

(307/* Y. and M.). Females 6-7.8 mm. (7.6-9.75 mm Y. and M.)

;

maximum breadth 280-300/* (450/* Y. and M.).
Head.—80-100/* in breadth, may be marked off from the rest of

the body by an ill-defined neck.
Mouth Collar .—High and separated from the rest of the skin

by constriction.

Head papillae.—Submedian, conical and projecting, their small
distal extremities separated off by a constriction; lateral incon-

spicuous.

Mouth capsule .—Almost circular in transverse section. Walls
of almost uniform thickness throughout, kneed slightly at the inser-

tion of the internal leaf crown, decreasing in thickness anteriorly.

Mouth capsule fairly deep 20/* (29/* Yorke and Macfie), and 45-60/*

in breadth.

Dorsal oesophageal gutter projects into the buccal capsule as a

small tubercle.

Leaf crowns .—External consists of about 20 large leaf'-like

elements. Internal is composed of about 36 rather long, moderately
broad elements, having a pallisade-like appearance.

Oesophagus .—Moderately long, somewhat slender and cylin-

drical, 300-500/*, its maximum breadth 70-75/* (104-131/* Y. and M.).
Oesophageal funnel very well developed and from its chitinized walls
three small triangular teeth, corresponding to the three divisions of

the oesophagus, project into the mouth capsule one dorsal and two
ventro-lateral.

Excretory pore and cervical papillae situated rather far back on

the body, at a level half-way between the nerve ring and the posterior

extremity of the oesophagus, 250-300/* from the anterior end of the

body.

Posterior extremity
,
wale .—Bursa has a medium-sized dorsal

lobe, rounded in outline and in some cases appears almost semi-

circular. Length of main trunk of posterior ray about 450/*. Dorsal
rays diverging but slightly; accessory branchings may be present on
the main dorsal branch. Lateral rays small, diverging; the postero-

lateral rather longer than the other two. Prebursal papilla short.

Dermal collar is well developed on both the dorsal and the ventral

surfaces of the genital cone. Appendages of the genital cone
(Boulenger) have the form of very thin delicate pbites, each provided
with two slender, finger-shaped processes. Appendages (Yorke and
Macfie) are absent; two finger-like processes similar to those of

C. labiatum, however, may he present on the posterior part of the

dermal collar.
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Posterior extremity
,

female, is bent dorsally almost at right
angles to the main axis of the body. Ventral prominence usually
large. Tail short and conical. Anus 100-110y from the posterior

extremity. Vulva about llOy in front of anus. Vagina short. Eggs
have an average length of 100/x by an average breadth of 50/x.

Discussion .—In his original description Boulenger (2) stated,

that the dorsal oesphageal gutter was absent. Upon further examina-
tion, however, he remarked, that it is present as a small tubercle

and also draws attention to the three chitinous teeth which project

from the oesophageal funnel into the oral cavity. This modified
description of C. golcli agrees entirely with that given for C. tridenta-

tum, except for the structure of the genital appendages. In most
of the South African worms I not only found either the typical

C. goldi or C. tridentatum appendages or their modifications

separately, but very often both in the same worm. Thus C. tridenta-

tum can no longer be considered as a separate species.

Occurrence .—A very common parasite of the colon, especially

the dorsal portion; very rare in the caecum. Has also been reported
from the zebra (Vevers) as well as from the horse, mule, and donkey.

Cylicostomum mettami Leiper 1913 (4).

Size .-—The worms, male and female, are fairiy large and stout,

as compared with the other species in the genus ranging about 12-44

mm. in length.

Mouth collar is separated off from the rest of the skin by a slight

constriction. Head papillae are not specially well defined.

Mouth capsule has a depth in proportion to its transverse

diameter as 2:5.
Dorsal gutter not mentioned in the description.

Leaf crowns not mentioned.
Oesophagus is short and thick.

Excretory pore lies on a level with the greatest diameter of the

oespliagus.

Posterior extremity . male.—Genital cone is enormously developed,

extending beyond the bursal membrane, which latter is itself abnor-

mally enlarged ventrally, in consequence of which the prebursal
papillae are very stoutly developed and resemble the ventral rays.

Spicules long and hair-like.

Posterior extremity, female.—Tilted dorsally and ends in a blunt
and well defined stump. Immediately in front of the anus lies the

vaginal orifice, into which, in the original specimen the spicules of

the male wrere inserted.

Occurrence thus far reported but once from England.

Cylicostomum radiatum Looss, 1902. (Plate XV.)

Size .—General appearance rather bulky. Male 10-11 mm. long;

maximum breadth 550-580y. Female 11.5-12 mm. (Looss 13-14 mm.)
maximum breadth 700-720y.

Head.—140-200/r, continuous with the body.

Mouth collar bulky, marked off from the rest of the skin by a

definite, constriction; mobile, presenting Therefore various aspects

according to the state of contraction of the mouth opening
;
notches

present in its anterior border, when the mouth opening is shut.
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Head papillae .—Submedium head papillae, with long distal

extremities
;
laterals slightly prominent, especially when the mouth

collar is wide open.
Mouth capsule gently ellipsoidal in cross section with the longer

axis running from side to side; fairly low 52/*, with a maximum
width of 112/*. Walls thin and straight, with a hoop-like thickening
at their posterior margin. When seen in cross sections the wall

presents a more or less pronounced undulating course.

Dorsal gutter entirely absent.

Leaf crowns.—External composed of 26 rather flat elements,
originating about midway up the mouth collar and converging in

the main horizontally towards the axis of the body. Their internal,

regularly rounded extremities usually bent slightly upwards.
Internal leaf crown conspicuous, composed of numerous short

rectangular plates.

Oesophagus .—Long and narrow and relatively little enlarged
posteriorly. It ranges from 0.8 mm. to 1 mm. in length, with its

greatest breadth 104-200/*.

Excretory pore and cervical papillae at a short distance behind
the nerve ring 540-670/* from anterior extremity.

Posterior extremity, male.—Bursa has a medium sized median
lobe with rounded outline which is separated from the lateral lobes

by a definite notch. Dorsal ray varies between 720/* and 800/*.

Lateral branching present. The lateral rays of unequal size
;
the

postero-lateral being the longest and thickest and the externo-lateral

the smallest; all diverging. Prebursal papilla very short. Appen-
dages of the genital cone blended together in the median line and
adhering to the cone on a broad base; their shape is transversely
oval

;
their rounded free extremities are bent towards the ventral

aspect
;
a short blunt point arises on their posterior surface.

Spicules about 1.8 mm. in length.

Posterior extremity, female, somewhat tapering towrards the short

stout tail; the lateral prominences may be well developed. Distance
between anus and tip (measured in a straight line) 200-250/*

;
distance

between anus and vulva 250-280/*; at this level the body measures
290-300/*. Vagina long 0.6-0.75 mm.

Eggs 92/* long by 45-48/* wide.

Occurrence.—C . radiatum is one of the rarer Cyhcostomes, it was
never present more than four or five at a time and was only to be
found either in the ventral colon or pelvic flexure. It may occur in

the horse, mule, or donkey.

Cylicostomum triramosum Yorke and MacFie, 1920 (12). (Plate

XVI.)

Size.—A fairly large species. Male measuring 12.3 mm., with
greatest breadth 630/*. Female 14 mm., with greatest breadth 640-

690/* (Yorke and MacFie give 12.3 mm. long; greatest breadth 750/*).

Head .—Continuous with the body.

Mouth collar high and voluminous, marked off from the skin by
a slight constriction.

Head papillae .—Submedian prominent, their extremities marked
off by a constriction; lateral prominent and projecting as slight horns,

accentuated when the mouth opening is wide open.
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Mouth capsule gently ellipsoidal in transverse section, with its

longer axis running from side to side. Walls as seen in optical sec-

tion are thin and slightly curved, with a hoop-like thickening
posteriorly. Capsule not deep, 38/*, but wide, having a maximum
diameter of over 90/*.

Dorsal gutter does not project into the buccal capsule.

Leaf crouns.—External consists of at least 30/* long, sharply
pointed elements, arising from the anterior half of the mouth collar.

Internal consists of numerous minute blunt elements, arising from
the anterior margin of the mouth capsule.

Oesophagus long with a marked swelling behind the nerve ring.

Its length in the male 840/* ;
in the female 880-940/*, with a maximum

breadth of 200/*.

Excretory pore and cervical papillae lie just behind the nerve
ring, 520/* from the anterior extremity of the body.

Posterior extremity, male .—Dorsal lobe of the bursa is of mode-
rate length; length of the main trunk of the posterior ray from the

tip to the point of origin of the externo-dorsal ray 635/*. The posterior

ray gives off three lateral branches, the upper two of which arise

close together. The dermal collar is well developed on both thei

ventral and dorsal surfaces of the genital cone. The genital append-
ages consist of two large plates arising separately, diverging from
the middle line and each terminating in two finger-like piocesses,

the inner of which is the larger. The finger-like processes are bifid

at their tips.

Posterior extremity
,
female.—Straight

;
body gradually taperii g

down to the anus, behind this suddenly falling away to the short

tail. Distance of anus from tip of tail 160-200/*, measured in a

straight line Distance between anus and vulva 290-360/* (264/*

Y. and M.). Vagina short 320-360/*.

Occurrence.—C. triramosum seems to be peculiar to the zebra
It is a rare form, Yorke and Mac-Fie only having found one male
and one female. In the South African material out of three zebras

only three worms were found, one zebra harbouring two of these.

All three came, from the ventral colon.

Cylicoslomum elongatum Looss, 1902.

Size .—One of the largest Cylicostomes

;

both anterior and poste-

rior portions slightly tapering towards the extremities. Length of

male 12-13 mm., that of female up to 17 mm.
Head .—Marked off from the rest of the body by a slight neck.

Mouth collar bulky, fairly mobile, distinctly separated off from
the rest of the skin by a constriction.

Head papillae.—Submedian long, somewhat broadened at their

base, the broader part separated from the short distal portion by
lateral notches and exhibiting a small median furrow. Lateral
papillae large, prominent.

Mouth capsule ellipsoidal in cross section, its longer axis running
dorsc-ventrally 52/*. Walls thin and slightly curved outwards, with
a well pronounced posterior lioop-like thickening; when the mouth
opening is wide open the walls diverge slightly from before back-
wards.

Dorsal gutter absent, oesophageal gland opening at the base of

the mouth capsule.
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Leaf crowns .—External composed of about 36 rather flat

elements, originating near the posterior margin of the mouth collar,

their rounded extremities projecting out of the mouth opening and
usually curved outwards. Internal leaf crown fairly conspicuous

composed of small elongated plates.

Oesophagus elongated to a striking degree, 1.4 mm. in large

females. Cylindrical up to the nerve ring; behind this it swells

suddenly and is cylindrical, with an average breadth of 200/x, posterior

portion showing darker pigmentation than the anterior.

Excretory pore and cervical papillae behind the nerve ring, far

forward on the oesophagus, 630-700/x from the anterior extremity of

the body.
Posterior extremity, male .—Bursa fairly broad

;
the median lobe

elongated, but. rather narrow; separated from the lateral lobes by
distinct notches. Posterior ray up to 1 mm. Appendages of the

genii al cone strongly granular and completely opaque, sausage
shaped, the rounded extremities bent inwards; no posterior point

developed.
Posterior extremity, female.—Body gradually tapering down to

the anus, behind this suddenly falling away into the short stout tail.

Distance between vulva and anus 0.18 mm.; lateral knots removed
from one another and fairly prominent.

Cylicostomum elongatum var. Kotlani Ilile, 1920 (7). (Plate XVII.)
Synonym C. elongatum var. Macrohursatum Kotlan, 1920.

Distinguishable from C. elongatum Looss by its median lobe,

whirl? is elongated to a striking degree. In a male of 13 mm. the
distance between the tip of the posterior ray and the insertion of the
extei no-dorsal ray was 1.5 mm.

;
in the typical form this is only

up to 1 mm.
The worms present in the South African material belong to

C. elongatum var. Kotlani, having the following measurements:—
Size .—Males 12-14 mm.

;
maximum breadth up to 0.75 mm.

Females 14-15.5 mm.
;
maximum breadth up to 0.8 mm.

Oesophagus .—Males 1.3-1. 6 mm.; maximum diameter 180-200/1.

Females 1.5-1. 6 mm.; maximum diameter 180-220/x.

Excretory pore 630-700/x from anterior extremity.
Posterior lobe elongated to a striking degree in adults; posterior

ray measuring 1.65 to 1.9 mm. The rays show the following
peculiarities:—The comparatively thin externo-dorsal arises at the
base of the posterior lobe

;
the external branch of the dorsal ray

originates not far from this; whereas the median branch only arises

far down, in about the last third of the posterior ray, and runs
parallel with the main or internal branch. Behind the point of

insertion of the external branch, the dorsal ray bears numerous
accessory branches, the lateral rays are comparatively short and
thick; the curved postero-lateral being the largest and the externo-
lateral the smallest. The two ventrals are narrow and parallel.

Posterior extremity, female .—Distance of anus from tip 150-

200/;.. Distance between anus and vulva 160-200/x; at this level the
body has an average diameter of 300/i. Vagina strikingly long
1.2- 1.4 mm., when not contracted. Eggs 84-88/x by 40-44/x, usually
not beyond the 2 to 4 celled stage at oviposition.

Occurrence .—Is a characteristic form of the caecum of the
donkey, rarely occurring elsewhere. May also be found in the horse.
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Cylicostovium insigne Boulenger, 1917 (2). (Plate XVIII.)

Synonym C. zebrae Boulenger, 1920.

Size .—Fairly large. Males 11-12.5 mm.
;
maximum breadth

650-700/*. Females 13.5-15 mm. long; maximum breadth 750-850/*.

Head continuous with the body, averaging 240/* in breadth.

Mouth collar comparatively narrow and marked off from the rest

of the skin by a definite constriction.

Head papillae .—Submedian short; short distal portion well

maiked oft from the narrow proximal portion. Lateral papillae
prominent and project as horn-like processes.

Mouth capsule large, with a depth of 46-66/* and a maximum
breadth averaging 180/*. Walls thin anteriorly, slightly curved,
increased posteriorly to form a hook-like thickening.

Dorsal gutter is absent, oesophageal funnel hardly developed.

Jjeaf crowns .—External consists of about 36 pointed leaves,

whose extremities are curved outwards out of the mouth opening.
Internal is composed of numerous almost inconspicuous elements,
appearing as a finely striated zone, immediately in front of the

mouth capsule.

Oesophagus is long 800-1000/* (700-900/* Boulenger) rather nar-

row at nerve ring, it broadens out posteriorly and attains a maximum
thickness 240-260/* (200-300/* Boulenger).

Excretory pore, situated at approximately the level of the junc-
tion of the oesophagus and intestine, 0.920-1.1 mm. from anterior

extremity of body. Cervical papillae placed immediately anterior

to the excretory pore.

Posterior extremity
,

male .—Bursa is broad
;
median lobe of

average size, roughly triangular in outline. Dorsal ray, measured
from the tip to the point of insertion of externo-dorsal ray, 0.7-0.73

mm.
;

fairly thick with smooth outlines. Lateral rays of unequal
”ize

; the externo-lateral being smaller and thinner than the other

iwo, from which it diverges. Ventrals short, broad at their bases,

and tapering suddenly distally. The dermal collar of the genital

cone is well developed, especially on the ventral surface
;
prebursal

papilla long. Appendages are broad and fused together in the middle
line, each bears one or more small processes which are usually filled

with dark granulations. Seen laterally they are conspicuous as a

dark globule.

Posterior extremity
,
female, is bent slightly dorsally, tapering

gradually to the anus, behind which point it narrows suddenly and
forms a little conical tail. Irregular swellings are often present in

front of the vulva. Distance from tip of tail to anus 160-250/*;

distance between anal cleft and vulva 200/* ;
at this level the body

has a breadth of 280-340/*. Vagina very long 1.35-1.8 mm. when
not contracted. Eggs measure 84-88/* (75-86/* Boulenger) in length,

with a breadth of 36-40/* (45-50/* Boulenger).

Occurrence .—Reported as the commonest Cylicostome in Indian
horses, where it is found almost solely in the dorsal colon. Is met
with fairly often in South African equines, but never in great

numbers. Zebra as well as the horse, mule, and donkey harbour it.



Cylicostomwm adersi Boulenger, 1920 (3). (Plate XIX.)
Size.—A. large species. Males 12.5-14 mm. long, with a

maximum breadth 0.75-0.9 mm. Females 14-10 mm. long, maximum
breadth up to 1.1 mm.

/lead .—Over 200/x may be marked off from the body by a very
slight neck.

Mouth collar comparatively narrow.
Head papillae .—Submedian short, with short and blunt distal

extremities, projecting well beyond the mouth collar when the mouth
opening' is open. Lateral papillae not prominent as a rule.

Mouth capsule is broad, having a depth of 60-72/x, with a breadth
of 140-160/x. Wall thin, curved, increased posteriorly to form a well

marked hooj>-like thickening, behind which it sends out a thin

projection into the anterior end of the oesophagus. Oesophageal
teeth, as characteristic as in C. goldi, may project into the buccal-
capsule.

Dorsal gutter present, but is very short, just projecting into the
mouth capsule.

Leaf crowns .—External consists of 28-30 long, narrow, pointed
leaves, the extremities of which curve outwards out of the month
opening. Internal composed of about twice this number, smaller
and less conspicuous elements.

Oesophagus short and squat, with its length varying between
000-660/1 (700/i Boulenger) in the males, and 640-720/1 in the females.

The almost globular posterior portion attains a maximum breadth of

220-280/1 (170/i Boulenger).
Excretory pore and cervical papillae behind the nerve ring 600-

650/i from the anterior extremity in the female; 500-540/1 in the male.
/‘osterior extremity, male .—The bursa has a bi'oad round median

lobe 1 mm. in length, which is marked off from the voluminous
lateral lobes by a well marked notch at the apex of its posterior

margin. All the branches of the dorsal ray originate very near to

one another, diverging slightly, and reaching almost to the free edge
of the lobe. Accessory branchings may be present. Laterals
diverging', externo-lateral being shorter and thinner than the other

two. Genital cone completely surrounded by a well developed dermal
collar. Prebursal papillae slender and very long (250/i). The
appendages of the genital cone are completely fused in the middle
line, foiming a thin semi-circular plate, the margin of which bears

four pairs of delicate finger-shaped processes, some of which have
bifurcated extremities. On each side of this is an additional process

arising from the dermal collar.
* Posterior extremity, female, irregularly tapering to long tail.

Lateral and ventral bosses developed to a striking degree
;
when

viewed from the dorsal aspect the posterior extremity may be seen to

have been displaced laterally so as to be out of a line with the main
axis of the body. Distance of anus from tip 150-220/1 measured in a

straight line, distance between anus and vulva 260-400/1 according
to the state of contraction of the posterior extremity. Vagina short
0.95-1.3 mm. Eggs. 80-88/x by 36-40/1.

(Occurrence.—C. adersi was never found in great numbers; it is

usually present in the posterior portion of the colon, i.e. pelvic' flexure

and dorsal colon. It seems to show a marked preference for the
donkey and zebra. It was only found once in the mule and never
in the horse.
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Cylicostomuvi nassatum Looss, 1902.
Size .—In general appearance rather bulky. Length of males

about 10 mm., breadth 0.3 mm.
;
length of females up to 14 mm.,

breadth 0.6-0. 7 mm. (perfectly mature individuals, however, were met
with, the length of which is not more than 8 mm. in the male and
9 mm. in the female).

Head not at all separated from the body.
Mouth collar very mobile and presenting various aspects in

preserved specimen, very transparent, not broader than the body,
sharpiy set off from the skin by a deep constriction

;
about as thick

as it is high, its anterior border more or less notched according to

the state of contraction.

Head papillae .—Submedian moderately long
;

lateral slightly

prominent; when the mouth collar is wide open, they project as small
ear-like processes.

Mouth capsule low, presenting a gently ellipsoidal cross section,

the longer axis of which runs from side to side; its anterior opening
is commonly somewhat contracted. Walls very thin at the anterior
margin, slightly increasing in thickness backwards, presenting a

sharply pronounced lioop-like thickening at the posterior margin.

Dorsal gutter well developed and terminates about midway
between the anterior and posterior openings of the mouth capsule.

Leaf crowns .—External composed of 20 elements arising
internally, from the base of the collar and directed obliquely for-

wards, their pointed extremities pointing as a rule out of the mouth
opening. Internal composed of minute rectangular plates (visible

only under high powers).

Oesophagus about cylindrical in its anterior half, gradually
enlarging behind the nerve collar.

Excretory pore and cervical papillae shortly tehind the nerve
collar

1'osterioi extremity
,
male .—Bursa rather broad, with a relatively

short rounded median lobe. Appendages of the genital cone blended
together in the median line, and adhering to the cone at a broad base;
their shape transversely oval or pyriform, the posterior surface

endowed with a short, blunt point.

Posterior extremity
,
female, somewhat tapering towards the tail

;

the latter about 0.2 mm. in length with a slender terminal point.

Distance between genital and anal openings about 0.17 mm., sub-

lateral knots well developed.

Cylicostomum nassatum Looss var. parvum. [Yorke and Maefie,

1918 (3)]. (Plate XX.)

Apart from its small size, average length of males 7 mm., females
8.8 mm.

;
and from the possession of a third (small) lateral branch to

the posterior ray, this worm is indistinguishable from C. nassatu-n

Looss. The forms present in the South African material more closely

approach the smaller variety than the typical form. The third

(small) lateral branch of the posterior ray, however, is more in the

nature of the usual variety accessory branches, so often found on the,

posterior ray, than a constant ray. In the appendages the short blunt
point may be prolonged into a finger-like process, and the entire

appendage may be lobed. The following are the measurements:—
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Male 7-8 mm.; maximum breadth 360/*. Female 7-10 mm.;
maximum breadth 400-440/*; or in the larger worms up to

560/*.

Head.—120-140/*.

Mouth capsule very variable according to the degree of contrac-

tion of ihe mouth opening, 36-40/* deep—with a maximum width of

80/*.

Leaf crowns.—The internal is usually clearly visible even with
the lower powers.

Oesophagus.—In the males 480-520/* by 116-125/*; in the

females average 600/* by 144-160/*.

Excretory pore 320-380/* from anterior extremity.
Posterior extremity

,
male.—The length of the median lobe is

variable
;
the posterior ray ranging between about 380 and 500/*.

Posterior extremity, female.—Distance of anus from tip 120/*,

distance between anus and vulva 120-160/*; at this level the body
measures 160-180/* in diamater. Vagina has an average length of

400/*. Eggs 80-84/* by 40-44/*.

Occurrence.—After C. catinatum this is the commonest and most
abundant parasite of the ventral colon. It was present in practically

all the animals examined and usually in great numbers. It may
occur in the other parts of the colon and in the caecum, especially

if the horse is heavily infected with Cylicostomes. On the whole,
however, it is rare in the dorsal colon. Horses, mules, and donkeys
harbour this form

;
it has also been reported as occurring in a zebra

(Vevers, 1920).

Cylicostomum leptostomum Kotlan, 1920 (3). (Plate XXI.)
Size.—A moderately small species, the males Average 6 mm. and

the females 7-8 mm.
Head.—84/* marked off by a slight neck.

Mouth collar high, separated off from the rest of the skin by a

well defined constriction, mobile as in nassatum.
Head papillae.—Submedian long, with fairly long and narrow

distal portions. Lateral prominent, but do not form definite horn-like
processes as in C. nassatum

.

Mouth capsule.—Almost cylindrical. Its walls very thin at the
anterior margin, slightly increasing in thickness backwards, presen-
ting a sharp pronounced hoop-like thickening at the posterior margin.
18/* deep by 36/* in width.

Dorsal gutter present as a small tubercle.

Tjeaf crowns.—External of about 24 long elements, arising inter-

nally from the base of the collar and directed obliquely forwards,
their extremities reaching to the anterior edge of the mouth collar.

Internal leaf crown composed of numerous small rectangular plate-
like elements.

Oesophagus fairly long and cylindrical 430-480/* (520-650/*
Kotlan) by 84-120/*.

Excretory pore and, cervical papillae behind the nerve ring
280-320/* from anterior extremity.

Posterior extremity, male.—Bursa rather broad with a fairly
long posterior lobe marked off from the laterals by a notch. Dorsal
ray long 360-440/* and provided with numerous large accessory
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branches. External dorsal branch somewhat removed from the
median branch. Lateral rays equally divergent; the externo-lateral

and the medio-lateral showing a tendency to converge at their tips.

Prebursal papilla moderately long. Genital cone and dermal collar

well developed. The lobed genital appendages adheie to the cone
by a broad base; transversely oval with numerous processes on their

posterior surface.

Posterior extremity, female .—Straight and slightly blunt, 1 ail

short, slender, and sharply set off from the body. Distance of amis
from tip 64-TO/i. Distance between anus and vulva 80-90/c. Vagina
300-400/r.

'

Occurrence.—Usually present with C. nassatum var. parvvm
but never in great numbers in the domesticated equines.

Cylicostcnnwm auriculatum Looss, 1902. (Plate XXII.)

Size the largest Cylicostome. Body present a very bulky and
blunt aspect, cephalic and caudal extremities of the female markedly
truncate. Length of males 15-17 mm., breadth 0.89-0.95 mm.; length
of females up to 26 mm., thickness about 1 mm.

Head.—240-280/1 continuous with the body, which increases

rapidly in breadth, attaining at the level of the nerve ting a diameter
of 480-550/1.

Mouth collar low dorsally and ventrally, but strongly enlarged
laterally owing to the peculiar shape of the lateral head papillae.

Marked off by a deep constriction.

Head papillae.—Submedian short, with extremely long narrow
rod-like distal portions. Lateral of unusually strong development,
appearing in the form of two small horns when viewed from the

dorsal or ventral side of the animals.
Mouth capsule of tolerable depth 64-75/x, with an average width

of 160y. Its walls thin, slightly curved outwards; with a well

pronounced hoop-like thickening at its posterior extremity.
Dorsal gutter absent.

Leaf crowns .—External composed of about 42 leaves, rather flat;

originating about mid-way up the mouth collar and converging in

the main horizontally towards the axis of the body, their rounded
extremities usually slightly bent upwards. Internal represented by
a row of minute tubercles.

Oesophagus.—Long 1.15 mm. and of peculiar shape. Swollen at

junction of the mouth capsule, narrowing to nerve ring, reaches its

maximum thickness, 300m, at about the midle of the posterior half;

behind this decreases appreciably in thickness again.

Excretory pore placed extraordinarily far back, about half the

length of the oesphagus, behind the commencement of the intestine,

about 1.65 mm. from anterior extremity of the body.
Cervical papillae a short distance in front of the pore.

Posterior extremity, male.—Bursa broad, possesses a broad
median lobe of moderate length, marked off from the lateral lobes,

with a well-defined notch at the apex of its posterior margin. Length
of posterior ray 900/r. Dorsal rays very irregular in outline and bear
accessory branches

;
externo-dorsal, arising near the external branch

of the posterior ray, may also have accessory branchings. Laterals

of about equal length, diverging slightly from one another. Ven-
trals comparatively short. Genital cone short, dermal collar'
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developed on ventral side only. Appendages blended together in

the median line, transversely oval; a short point may be present on

the posterior surface,, usually densely granulated and almost opaque.

Posterior extremity, female, presents various aspects, according

to the degree of protrusion of the ventral prominences, is usually bent

towards the dorsal aspect, tapers somewhat towards the anus, behind

which it suddenly narrows into the very short and broad triangular

tail. Distance between anus and tip of tail, measured in a straight

line, 70-100/*; distance between anal cleft and vulva 130-190/*; at this

level the body has a diameter of 280-350/*. Vagina long 1.7-1.9 mm.
Eggs 86-90/* by 44-48/*.

Occurrence.—C. aurxculatum together with C. elongatum and

C. tetracanthum is the commonest Cylicostome parasitic in the

donkey, where it is to be found in any part of the colon. 4 he donkey,

in South Africa as in Egypt, seems to be the only equine harbouring

this species.

C
'

ylicostomum calicaturn Looss, 1902. (Plate XXIII.)

Size .—Very delicate and slender; in preserved material is

recognized by its darker colour. Length of males 5. 5-6. 5 mm. ;
maxi-

mum thickness 260-280/*. Length of females 6.5-8 mm.
;
maximum

thickness 280-340/*.

Head.—75-88/*, slightly narrowed, marked off from the body by
a slight neck.

Mouth collar low, may be flattened, separated off from the rest

of the skin by a definite constriction, which in some cases takes the

form of groove.

Head, 'papillae.—Submedian, long and narrow, distal portions

marked of by a deep notch. Lateral head papillae not prominent.
Mouth capsule usually slightly deeper than wide, 28-40/* by

24-38/*; practically cylindrical. Walls straight and slightly

thickened posteriorly.

Dorsal gutter well developed, extending to anterior margin of

mouth capsule.

Leaf crowns .—External composed of about 10 (more than 8

Looss) rather broad elements, with bluntly pointed extremities.

Internal composed of numerous short refractive rod-like elements
arising at anterior margin of mouth capsule.

Oesophagus long, 300-400/* ; anterior portion cylindrical, with a

slight swelling at junction with the mouth capsule; posterior portion
swollen, reaching a maximum breadth of 68-80/*.

Excretory pore a little behind nerve ring, 220-250/* from anterior
extremity. Cervical papillae a little behind this (or in front of this,

Looss)

.

Posterior extremity
,
male, characterized hv a long narrow bursa.

Dorsal ray 400-480/*. Branches of posterior ray arise at approximately
equal distances from one another and all run backwards. Occasional
accessory branches may be present. Postero- and inedio-lateral

rays short, with broad bases, whose distal extremities fall away to

short sharp points; slightly convergent. Externo-lateral slender and
divergent. Dermal collar surrounding the short genital cone.
Genital appendages removed from one another, roughly spherical
their apices set with a number of long finger-like projections, which
may be bifid.
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Posterior extremity, female.—Straight, tail slender and sharply
set off from the body. Distance from tip to anus measured in a

straight line 80-100/*; distance between anus and vulva 60-80/*;

at this level the body has a diameter of 100-120/x. Lateral prominence
may be feebly developed. Vagina of average length 320-400/* when
not contracted. Eggs 64-68/* by 36/*.

Occurrence .—Together with C. catinatum and C. nassatum, C.
calicatum may be said to be the commonest form occurring in South
African horses. It thrives equally well in the caecum and ventral
colon, and, except in heavily infected hosts, never wanders into the
dorsal colon. It is also abundant in tlie mule and donkey, but up to

now has not been found in the zebra.

Cylicostomum minutum [Yorke and Macfie, 1918) (2).] (Plate
XXIV.)

Synonym C. calicatum var. minus Kotlan, 1920.

Size .—The smallest Cylicostome described. Males average
4.5 nun. in length; with greatest breadth 230/*. Females up to

6 mm.
;
with greatest breadth 280/*.

D end.—60/*, continuous with the body.
Mouth collar fairly high, set off from rest pf the cuticle by a

definite constriction.

Head papillae .—Submedian long and projecting, distal portions
short. Lateral scarcely projecting beyond the surface of the mouth
collar.

Mouth capsule .—Circular in transverse section. Walls slightly

curved, and diverge from before backwards, practically of equal
thickness throughout. Capsule deeper than broad. Having a depth
of 23-28/* with a maximum diameter of 20/*.

Dorsal gutter well developed, extending nearly to the anterior

opening of the buccal cavity.

Leaf crowns .—External composed of 8 broad leaves. Internal
of about 20 stout elements arising from the anterior margin of the
mouth capsule.

Oesophagus very long, 300-320/* in length, cylindrical, with but
a slight posterior swelling, which has a maximum breadth of 50-60/*.

Excretory pore and cervical papillae at about the same level,

some distance beind the nerve ring 240-248/* from anterior extremity
of the body.

Posterior extremity, male .—Dorsal lobe broad and short, if

anything less than a semicircle. Dorsal ray 140-170/*. Branches
of posterior ray regularly divergent. Lateral rays diverge; medio-
lateral somewhat longer than the other two. Ventrals very long.

Dermal collar extremely well developed, both on dorsal and ventral

surface. Appendages are slightly elevated bodies, having on their

posterior surfaces two long finger-like processes; they do not meet
in the middle line or meet to form a circular mass, bearing four

projections.

Posterior extremity
,
female.—Straight, but may be bent either

dorsally or ventrally according to the state of contraction of the

posterior body muscles. It tapers to the slender well marked off

pointed tail, which is usually tucked in ventrally. Distance of anus
from tip of tail, measured in a straight line, 60-64/*. Distance
between anus and vulva 80/*; at this level the body has a breadth of

120/*. Vagina short 120/*.
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Occurrence .—Is fairly frequently met with, its favourite haunt
Being the ventral colon, audit may occasionally appear in the caecum.
In the South African material it wTas found in the horse, mule, and
donkey, but not in the zebra. It is, however, reported as occurring
in the zebra in British East Africa (Boulenger, 1920).

Cylicostomum longibursatum [Yorke and Macfie, 1918 (1).] (Plate

XXV.)
Synonym C. calicatiforme Kotlan, 1919 (1), C. nanum Ilihe,

1919 (1).

Size .—A small slender Cylicostome. Male and females are of

about the same length, between 5 and 7 mm., with their greatest

breadth varying between 220/4 and 280/x.

Head 08//, marked off from body by a slight neck.

Mouth collar low, separated from the rest of the cuticle by a

definite constriction.

Head papillae.—Submedian, fairly long, and project beyond
mouth collar. Distal ends separated off by the notches; are short.

Lateral papillae not prominent.
Mouth capsule .—Circular in transverse section

;
the walls seen in

optical section are slightly kneed, moderately stout, and diverge in

the main from before backwards so that the buccal cavity is

trapezium-shaped. The capsule has an average depth of 19-24/4,

with a maximum diameter of 26-32// at its posterior opening.
Dorsal glitter projects into the posterior quarter of the buccal

cavity.

Leaf crowns .— External composed of 18 long narrow elements
pointed at the tips. Internal consists of about the same number of

short broad elements arising immediately behind the anterior margin
of the mouth capsule.

Oesophagus fairly short, its length varying between 240/* and
280/4 (306-340/t, Kotlan), with an average maximum breadth of

about 60/4..

Excretory pore and cervical papillae far back over the posterior

fourth of the oesophagus, 200-220/4 from anterior extremity of body.

Posterior extremity
,
male .—Dorsal lobe strikingly long and

narrow. Posterior ray may measure as much as 660-800/4 in length.
The branches of the posterior ray arise far apart, and in the main
run parallel to the main axis of the body. Lateral rays are stout,

have a very small sharp point at their distal extremities, and are
divergent. Ventrals small. Dermal collar developed on both dorsal
and ventral surface of cone. Appendages conical when viewed
laterally, broad and united when viewed ventrally, ventral surface
beset with small papillae.

Posterior extremity, female .—Straight and tapering. Tail,

which is distinctly demarcated from the end of the body, is straight,

fairly long, and tapers gradually to a point. Distance from tip of
tail to anus, measured in a straight line, 80-120/4. Distance between
anus and vulva 60-70/4; at this level the body has a diameter of
76-90/4. Vagina long 240-280/4. Eggs 76-80/4 by 32-36//.

Occurrence .—The commonest and most characteristic form
present in the doreal colon, though it may sometimes be found in
large numbers in other parts of the colon as well. Parasitic in the
donkey and mule as well as in. the horse.
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Cyhcostomuvi hybridum

*

Kotlan, 1920 (3). (Plate X.)

Size .—Males 9-9.5 mm. in length; maximum breadth 0.34 mm.
Females 10-10.5 mm. in length

;
maximum breadth 0.37 mm.

Head continuous with the body.
Mouth collar low, marked off from the rest of the cuticle by a

definite constriction.

Head -papillae .—Submedian long and projecting, with short

distal portions. Lateral not prominent.
Mouth capsule, circular in cross section, roughly trapezium-

shaped, fairly deep 32y; with a breadth of 37/x at its anterior and 54/x

at its posterior opening. Walls of the mouth capsule increase in

thickness posteriorly.

Dorsal gutter well developed, reaching into the anterior quarter
of the mouth capsule.

Leaf crowns .—External composed of 14-16 long pointed elements
18/x in length. Internal consists of numerous small rod-like elements
arising from the anterior border of the mouth capsule.

Oesophagus.—0.44 nun. in length, swollen immediately behind the

buccal cavity, otherwise cylindrical up to the nerve ring with a

diameter of 0.54 mm.
;
increase behind this flask-like in width and

attains a maximum diameter of 81/x just in front of its posterior

extremity.
Excretory pore and cervical papillae immediately in front of

the posterior end of the oesophagus.
Posterior extremity

,
male .—Bursa has a short median lobe. In

my only specimen the left external branch of the posterior ray is only
half as long as the right external, and does not seem to be fully

developed. On the right side the branches are of equal length and
originate close together. Genital cone hears a broad dermal collar.

Appendages below the anterior lip of the cone resemble those of

C. labratum, i.e. pear-shaped, with a .small projection on each;
besides this there are two medium sized prominences on the posterior

part of the dermal collar.

Posterior extremity, female, bears a short (56y) terminal point.

Immediately in front of this is the anus. Distance between anus
and vulva 94,a.

Occurrence .—Does not occur in South Africa and seems to be

rare in Hungary. Kotlan only once found a few specimens.

Cylicostomum poculatuvn Looss, 1902. (Plate XXVI.)
Size .—Long and slender. Males 8-9 mm. in length; maximum

breadth 360y. Females up to 10 mm. in length, maximum breadth
440,u.

Head.—1 20-128/x, continuous with the oodv.
Mouth collar markedly flattened and separated from the skin by

a definite constriction.

Head papillae very long, flattened, imitating the shape of pine

needles with a groove down the centre. Distal portion marked off

by definite notches.
Mouth capsule slightly deeper than wide 60-64/x by 56-60y

;
cylin-

drical anterior margin somewhat contracted; walls thin, but gradually
thickening towards their posterior border, in the vicinity of which
they are fairly thick.

Description taken from Kotlan, 1920 (3).



Dorsal gutter projecting for a short distance into the mouth
capsule.

Leaf crowns .—External composed of 30-35 elongated, slender

and pointed elements, whose tips project somewhat beyond the apex
of the collar. Internal of short but stout, refractive rod-like elements.

Oesophagus remarkably long 0.8-1 mm.; approximately cylin-

drical, somewhat swollen behind the nerve ring, reaching its maxi-
mum diameter 140-lTOu at about the middle of its posterior half.

Excretory pore and cervical papillae just behind the nerve ring
460-560/* from anterior extremity.

Posterior extremity
,
male .—Bursa entirely surrounds the genital

cone, with an average size rounded median lobe, which is definitely

marked off from the voluminous lateral lobes, its edge finely denticu-
lated. Dorsal ray, 320/*, has accessory branches. Branches of posterior

ray do not reach edge of the lobe. Projections not infrequently arise

from its inner surface between the posterior rays. Laterals, slender

pointed rays diverge, the angle between the medio-lateral and postero-

lateral being greater than that between the medi .-lateral and externo-

lateral. Ventral rays long and slender. Genital cone elongated

and almost cylindrical and reaches beyond the free edge of the bursa.

Looss remarks that “ its terminal portion looks as if transversely

annulated.” This annulation is merely due to the retraction of the

cone. Dermal collar well developed, but on the ventral surface only.

Appendages of the genital cone hemispherical. Ano-genital opening
apparently directed upwards towards the dorsal aspect, more markedly
so when the cone is strongly contracted.

Posterior extremity, female .—Straight and markedly slender;
with a long pointed tail. Distance of. anus from tip 290/*. Distance
between anus and vulva 160/*. At this level the body has an average
diameter of 200/*. Lateral prominences may be feebly developed.
Vagina very short, 128/*.

Occurrence .—Very restricted distribution, only occurring in

small numbers in the caecum of the horse. Tins agrees with Looss’
observation in Egypt.

Cylicostomum asymetricum, n.sp. (Plate XXVII.)
Size .—A moderately small species. Males 7.5-8 mm. ;

maximum
breadth 400-440/*. Females 7.5-8 mm.; maximum breadth 440-520/*.

Plead .—Anterior extremity tapers slightly to the head; there is

no definite neck.

Mouth collar comparatively high and marked off from the rest of

the skin by a slight constriction. Narrows slightly opposite the
lateral papillae.

Head papillae.—The submedian project and are as long as the
external leaf crown; their distal portions are marked off by a slight

notch. Laterals not prominent.

Mouth capsule .—Of average depth
;

slightly deeper ventrally
than dorsally, i.e. 24/* ventrally, 18-20/* dorsally. In some speci-

mens this difference in depth is very marked indeed, making the
mouth capsule appear as though set obliquely. It has an average
width anteriorly of 40-50/*, and 50-60/* posteriorly. The walls are
thick and swollen at the anterior end and decrease in thickness
posteriorly.
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Dorsal gutter well developed and projects far np, extending
nearly to the level of the anterior opening of the mouth capsule.

Leaf crowns .—External composed of about 15 large pointed
elements, projecting well beyond the mouth collar. Internal of

about 26 short, broad elements having a palisade-like appearance.
Oesophagus not very long, 440-500/*, with a slight swelling imme-

diately behind the oral cavity, thins towards the nerve ring, and
attains its maximum thickness, 120-140**, immediately before its pos-

terior extremity.
Excretory pore and cervical papillae at about the same level

immediately behind the nerve ring, 340/* from anterior extremity.
Posterior extremity, male .—Fairly short median lobe; lateral

lobes marked off from the dorsal by a notch, rays well developed,

dorsal trunk split far back. Accessory branches may be present on
all the dorsal branches. Main dorsal ray, measured from point of

insertion of postero-external ray, is 380/* in length. Lateral
rays thick at their bases, distally tapering suddenly to sharp points,

divergent. Dermal collar only developed on ventral surface of cone.

Genital appendages may be absent. If present, they are fused and
viewed ventrally, appear circular, and have two to three projections

on both sides.

Posterior extremity, female, straight. Tail comparatively short.

Distance from tip of tail to anus 120/*. Distance from anus to

vulva 200/*. Vagina fairly long’ 400-480/*. Eggs average 90-100/*

by 40-48/*.

Occurrence .—Only a few specimens have been found. They
occur mainly in the dorsal colon of the horse, mule, or donkey.

Cylicostomum bicoronatum Looss, 1902. (Plate XXVIII.)

Size .—Body manifestly stout and but slightly tapering towards

the extremities. Male 12 mm. long; maximum breadth 400-440/*.

Female 13-14 mm. long; maximum breadth 480-550/*.

Head continuous with the body.

Mouth collar separated from the remainder of the skin by a

feeble constriction; somewhat flattened towards its lateral margin.

Head papillae .—Submedian papillae represented by rather short

points. Lateral papillae but slightly prominent.

Mouth capsule extremely short; 18-20/* deep, 68-72'* wide. Walls
thick throughout.

Dorsal gutter well developed, terminating near the anterior

border of the mouth capsule.

Leaf crowns .—External leaf crown, composed of about 30 narrow
sharply pointed elements, forms the apex of the head. Internal leaf

crown most conspicuous. Its long, strongly refractive elements

start from inside the anterior border of the mouth capsule and con-

verge towards t lie inner base of the mouth collar.

Oesophagus thickened to a striking extent, fills almost the whole

of the body cavity. At its commencement it is thicker than the

buccal cavity; its diameter reaching posteriorly 0.22 mm. Its average

length is 0.6 mm. or more.

Excretory pore and cervical papillae at about the same level,

320-400/* from anterior extremity, a little distance behind the nerve

ring.
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Posterior extremity, mole .—Bursa with an elongated triangular
median lobe: genital cone presents its original conical shape almost
unaltered, the dermal collar being rather flat and slightly prominent.
Appendages of the genital cone long and slender, with rounded
extremities and directed parallel to the cloacal cavity.

Posterior extremity
,
female .—Generally looks as if it were cut

off somewhat obliquely. Tail bluntly triangular. Distance from
anus to tip 0.0G-0.1 mm. Vulva a short distance in front of anus
0.15-0.25 mm. Ventral prominences strongly pronounced. Vagina
fairly long, 0.75-0.8 mm. Eggs 112-120/1 by 56-58/t.

Discussion .— The worms present in the South African material
were on the average slightly smaller than Looss’ typical form. Males
10-10.5 mm., females 10.75-12 mm. The females otherwise agreed
in all respects with Looss’ description and drawings. The males
showed a slight difference in the bursa. In all the specimens
examined the bursa presented a cramped appearance when seen
from the lateral aspect. The dorsal lobe is shorter and rounder
and of variable length and the laterals rather larger Except for

the slight differences in length, the rays, however, have the same
disposition as in the typical form. Prebursal papillae are short and
stout. The ventral rays are thin and curved and the latero-ventral

touches the ventro-ventral at its tip; the laterals are thin, long, and
diverge but slightly, the medio-lateral, however, being somewhat
shorter than its two neighbours; the externo-dorsal ray is remarkably
thin; the posterior rays are thin, irregular in outline, and may bear
accessory branches. Length of posterior ray 450-520/1. Genital
appendages as described by Looss. Spicules about 2.1 mm.

These slight differences in the length of the woim and in the
size of the bursa, however, are well within the limits of variability
of a species; nevertheless, I think they are of sufficient importance
to be noted.

Occurrence may be said to be one of the rarer forms, occurring
only m small numbers in any part of the colon. When present it

shows a very slight preference for the ventral colon. Found in the
horse, donkey, and mule, but not in the zebra.

Cylicostomum euproctus Boulenger, 1917 (2). (Plate XXIX.)
Size comparatively stout and tapering towards both extremities.

Males 6.75-7 mm. long, with a maximum thickness of 400-440/1.
Females 8. 5-9. 5 mm. (6-8 Boulenger); maximum breadth 540-640/1
(350-450/x Boulenger).

Head marked off from the body by a slight neck; its diameter
llO-130/i.

Mouth collar rather high
;
somewhat flattened towards its lateral

margin, so as to appear hemispherical when seen from the dorsal
or ventral aspect. No definite constriction marking it off from the
rest of the skin.

Head papillae .—Submedian short and spherical. The lateials

are not prominent.

Mouth capsule .—Depth 14-20/1, width at point of insertion of
internal leaf crown 64-80/1. Walls thick, with greatest breadth at
point of insertion of internal leaf crown, behind which they become
thinner. They diverge slightly from before backwards, especially
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when seen from the ventral or dorsal aspect. Their shape as seen in

optical section varies considerably in the different specimens and also

according to the orientation of each particular worm.
Dorsal gutter absent, oesophageal gland opening at the base of

the capsule.

Leaf crowns.—The external leaf crown consists of about 40
narrow and pointed leaves. The elements of the internal leaf crown
are conspicuous, being highly refractive; about 30 in number, they
arise within the anterior half of the capsule, but not in the same
plane

;
laterally the point of origin is slightly nearer the anterior

opening than dorsally and ventrally. This difference, however, is

not very marked.

Oesophagus short and thick, 360-410/* by 130-170/*; approxim-
ately flask-shaped, widest at its posterior extremity.

The excretory pore and cervical papillae are situated about half-

way (or posteriorly to this) between the nerve ring and the posterior
extremity of the oesophagus, 320-400/* from the anterior end of the
worm

.

Posterior extremity
,
male .—Dorsal lobe of moderate length

;
the

lateral lobes are distinctly marked off from the dorsal and are

voluminous, embracing the cone ventrally. The prebursal papillae

are long, and in this worm appear to be true rays, in that they sup-

port the anterior portions of the lateral lobes. The ventral rays are

also exceptionally long. The externo- and medio-laterals converge
and the postero-lateral diverges from the medio-lateral. There are

no accessory branches. The genital cone is of enormous length and
projects well beyond the free edge of the bursa

;
it is retractile in

some worms, being drawn in so as to be well within the limits of the
lobes. The dermal collar is well developed ventrally and laterally,

but only slightly dorsally. Appendages are long, narrow, and cirrus-

shaped.

Posterior extremity
,
female, is straight and tapers to a point.

The anus is situated 180-240/* from the posterior extremity, and the

vulva 320-400/*
;
at this level the thickness of the body measures

160-200/*. Vagina fairly short 360-440/*. Eggs 84-92/* long by
52-56/* broad.

Discussion.—In 1918 Yorke and MacFie created a new species

of Gyalocephalus (G . equi), which differed from the type species

G. capitatus solely in the greater length of its genital cone; stating,

however, “ possibly the cone may be protusible and retractile, but we
must point out that there is no evidence that such is the case in

allied genera.” Not only can the cone be retracted in Gyalocephalus
capitatus, but also in C. euproctus and to a lesser extent in C. pocu-
latum and Cylindropharynx intermedia.

Occurrence.—C. euproctus is not one of the commoner forms;
it is occasionally present in the dorsal colon and pelvic flexure. In
one case only were there more than ten. Is parasitic in the horse,

mule, and donkey.

Cylicostomum ihlei Kotlan, 1921 (4). (Plate XXX.)
Size.—Large and fat. The males are 9-10 mm. long, with a

maximum breadth of 595/*. The females are 10-14 mm. long, with a

maximum breadth of 600-900/*.
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Head.—260-271)/*. A slight neck may be present.

Mouth collar fairly high; the constriction separating the mouth
collar from the rest of the skin is but feebly marked.

Head papillae.—The submedian are conical and their distal

extremities rounded. Lateral papillae large, but not projecting

beyond the mouth collar.

Mouth capsule circular in transverse section, nearly cylindrical,

diverging slightly from before backwards, with a maximum width
of 140-150/*

;
walls increase slightly in thickness from before back-

wards, and immediately before their posterior extremity they thin
suddenly. In certain worms belonging to this species, the external

surface of the anterior margin of the mouth capsule is characterized
by the presence of eight semicircular (in dorsal or ventral view)
ledges, wrhose arrangement is regular, namely, between every two
submedian papillae there is a pair of ledges, and between every lateral

and submedian papillae a single ledge.

Dorsal gutter absent.

Leaf crowns.—External is composed of about 60 slender and
sharply pointed elements

;
internal originating just behind the

anterior border of the mouth capsule, consists of 40-46 large bluntly
pointed leaves

;
they extend mid-way up the mouth collar.

Oesophagus thick, and lias a length of 640-720/*; almost cylin-

drical up to nerve ring, behind which it slightly increases in thick-

ness up to a maximum of 200-260/*.

Excretory pore and cervical papillae lie over the posterior third

of the oesophagus
;
500-650** from anterior extremity of the body.

Posterior extremity, male.—The bursa has a moderate sized

median lobe which is rounded. Long prebursal papillae. Dorsal
rays of equal length. Genital cone appendages in some respects

similar to those of P. ratzii, i.e. irregularly lobed.

Posterior extremity, female, gradually tapering down to the

anus, behind which it suddenly falls away especially ventrally into

the short stout tail. Distance of anus from tip 250-300/*. Distance
of anus from vulva 140-170/*. Vagina over 800/* when not contracted.

Eggs 124-128/* by 60-62/*.

Occurrence

.

—C . ihlei is very rare
;

it was only present in four
animals, twice in the horse and once in the mule and donkey. No
males were found.

Cylicostomum ultrajectinum Ihle, 1920 (4, 8, 9). (Plate XXXI.)
Size.—A large fat worm. Males range between 11-12.5 mm.,

maximum breadth 580-610/*. Females range between 11-17 mm.,
maximum breadth 880-940/*.

Head .—300-350/* broad, continuous with the body.

Mouth collar fairly high, when the mouth is open, separated off

from the rest of the skin by a constriction.

Head papillae .—Submedian project, are broad, with a slight

constriction cutting off rounded distal portion. Laterals short.

Mouth capsule wide, 170-190/*, but not deep, 60/*, almost cylin-

drical in shape, converging slightly from before backwards. Walls
of average thickness, with a definite hoop-like thickening at their
posterior extremity.

Dorsal gutter absent.
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Leaf crowns .—External composed of' 10-12 large elements, whose
extremities are usually bent outwards and backwards. Internal
composed of about 46 leaves, of which about 12 are larger than the
others. Leaves all point towards the centre of the mouth opening,
two to four ordinary leaves present between every two of the larger

elements.
Oesophagus short and thick, 690-700/* long by 250/* broad in the

male and 750/* by 280-310/* in the female.
Excretory pore and cervical papillae lie far back, immediately

before the junction of the oesophagus and chyle intestine, 800-900/*

from anterior extremity of body.
Posterior extremity

,
male .—The broad bursa has a short median

lobe. Dorsal rays branch regularly from the same point of origin
and are of equal length, 620-650/x. Medio-lateral and postero-lateral

diverge, but both reach to edge of bursa. Externo-lateral and medio-
lateral converge, the former, however, ending some distance away
fiom the edge of the lobe. The ventral rays and prebursal papillae

are comparatively long. The broad genital cone bears a well

developed dermal collar. Genital appendages are absent in some
worms, but when present they appear as narrow plates with two
short projections, one pointing posteriorly and the other postero-

laterally. Spicules about 1.75 mm.
Posterior extremity

,
female .—Gradually tapering down to vulva,

behind which it suddenly falls away—especially ventrally—into the

short stout tail. Distance of anus from tip (measured in a straight

line) 250-300/*. Distance between anus and vulva 300-350/*; at this

level the body has a breadth of 350-400/*. Yagina short, about 500/*,

when not contracted. Eggs 120-128/* by 56-60/*.

Occurrence .—Occurs very rarely, and when present is usually to

be found in the dorsal colon, but never in great numbers. It was
only met with in the horse and mule.

Cylicostomum brevicapsulatum Ilile, 1920 (3). (Plate XXXII.)
Size .—Males 9-11.5 mm., with maximum breadth 480-560/*.

Eemales 10-13.5 mm., with maximum breadth 650-750/*.

Head .—Immediately behind the anterior extremity the worm
increases in thickness, so that the head is marked oft’ from the rest of

the body by its smaller diameter.
Mouth collar high, marked off from the rest of the skin by a

constriction. It seems to be highly contractile; when the mouth is

wide open its anterior border is flat; when it is contracted, however,
it shows deep indentations.

Head papillae .-—Lateral not prominent. Submedian fairly short

(10/*), and their thinner distal portions are almost as long as the

broader proximal portion.

Mouth capsule ellipsoidal in cross-section, with its longer axis

running dorso-ventrally 110/*. The inner surface of the mouth collar

may show a more or less well developed groove, which in longitudinal

sections is visible as a fine line. On to this constriction a septum is

inserted, which divides the cavity of the mouth collar into a larger

dorso-lateral and a smaller ventro-lateral portion. The lining of the
mouth collar continues into the mouth capsule, which is exceptionally

short and corresponds only with the posterior portion of the buccal

capsule of other Cylicostomes. The posterior border of the mouth
capsule is peculiar; in three places (dorso-lateral and ventral) it has
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a posteriorly directed dent. Tlie anterior border shows the same
dents, only here thej are not so well marked. The mouth capsule

thus has its greatest depth at the dents, and is least deep between
these dents (ca. 7//).

Dorsal gutter present as a small tubercle at the base of the mouth
capsule.

Leaf crowns .—External is composed of about 42-45// slender,

pointed elements which project beyond the mouth opening. Internal

leaf crown seems to be lacking.
Oesophagus thick, in the male 450-500// long, with a maximum

breadth of 165//. In the female 551-635//, breadth up to 245//. Im-
mediately behind its commencement it decreases in width, becomes
practically cylindrical and swells again just behind the nerve ring to

attain its greatest breadth.
Excretory pore and cervical papillae a short distance in front of

posterior end of oesophag’us, 520// from anterior extremity of body.
Posterior extremity, male .—Median-lobe broad and rounded in

outline and of medium length, has no very well marked notches
between the dorsal lobe and the two laterals. The dorsal rays are

split far down, almost to the point of origin of the externo-dorsal
ray. Accessory branches may be present on the dorsal rays. The
postero-lateral and the medio-lateral rays reach almost to the free

edge of the lobe
;
the externo-lateral runs forward and ends some

distance away from edge of bursa. The distance between the tips

of the externo-lateral and medio-lateral rays is thus greater than the
distance between the tips of the medio-lateral and postero-lateral

rays. The ventral rays end near the edge of the bursa. Dermal
collar exceptionally well developed. There is but a single appendage,
which is variable, may be more or less lobed and may bear a variable
number of processes of different sizes.

Posterior extremity
,
female, already decreases in breadth before

the vulva (at which level it measures 320//). Tail comparatively long
and pointed, and usually bent slightly in the dorsal direction.

Distance between anus and tip of tail 210-300// (measured in a

straight line). Yulva some distance in front of anus 330-350//. Vagina
long 0.9-1.06 mm. Eggs 100// by 48//.

Occurrence .—The only specimen found, a female, was parasitic

in the pelvic flexure of a horse. This worm seems to be rare. Ihle
who described it having only found it in one horse, out of the many
examined.

Cylicostomum prionodes Kotlan, 1921. (Plate XXXII.)
Size.—Medium sized, the females only being known. These

measure 10-11.5 mm. in length, with maximum breadth of 520//.

Head, continuous with the body.
Mouth collar is distinctly marked off from the rest of the skin,

especially when seen laterally.

Head papillae.—Submedian are pointed, rather long and promi-
nent; the lateral rounded and not projecting. Mouth opening oval
and very spacious.

Mouth capsule is particularly shallow, having a depth of 12-14//.

The dorsal-ventral axis is shorter than the transverse, which measures
about 90-100//. Walls of mouth capsule relatively thin.

Dorsal gutter absent.
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Leaf crowns.—The elements of the external leaf crown resembde
the teeth of a saw, about 24-26 in number, and arise from the
posterior margin of the mouth collar. The length of these elements
is 32//, their breadth at the base 16//. Internal leaf crown consists of

numerous small and inconspicuous elements originating from the
anterior margin of the mouth capsule.

Oesophagus is flask-shaped 800-935// in length, with a maximum
breadth in the posterior third of 172//.

Excretorg pore and cervical papillae lie over the posterior third

of the oesophagus.
Posterior extremity

,
female, diminishes gradually up to anus

;

the tail is distinctly marked off from the body and measures 125//

in length. Vulva is situated about 108// from the anus.
Occurrence .—Reported from the caecum of a horse in Hungary.

This form was not represented in the South African material.

Cylicostomum montgomeryi Boulenger, 1920 (4). (Plate XVI.)
Size .—A small species, males 4.3-6 mm. in length; females 4.5-

6.5 mm. The greatest thickness of the body is 0.28 mm., decreasing
to 0.2 mm. at the level of the commencement of the intestine.

Head 80-90// broad, not separated from the body by a constric-

tion to form a neck.
Mouth collar is thick and depressed at the margin.
Head papillae .—Submedian slender with leaf-shaped appendages

;

laterals prominent.
Mouth capsxde ellipsoidal, longer axis running from side to side;

characterized by its peculiar bilateral symmetry, its dorsal and ven-
tral walls being considerably higher (32u) than the lateral walls (22//)

;

this absence of radial symmetry makes an optical section of the head
in a lateral view present a totally different appearance to that seen

dorso-ventrally.

Dorsal gutter absent; the oesophageal funnel is poorly developed.

Leaf crowns.—External composed of about 18 slender, pointed
leaves

;
internal of twice that number of rather similar, but shorter

elements.

Oesophagus slender with an average length of 0.33 mm.
Excretory pore and cervical papillae at the same level 0.24 mm.

from the anterior extremity.

Posterior extremity
,
male.—The bursa is 0.25 mm. broad when

viewed from the dorsal or ventral surface
;
dorsal lobe of medium

length, 0.12 mm. Dermal collar poorly developed and almost flat on
the ventral surface of the genital cone. The latter is short and its

appendages are ovoid in shape, with a short blunt point on the
posterior margin.

Posterior extremity, female.—The vulva is 0.13 mm., the anus
0.06 mm., from the posterior extremity of the body. The tail region
behind the anus is narrow and ends in a fine point.

Occurrence.—Parasitic in the zebra. Not found in South Africa
up to the present.

Oesophagodontus rohustus (Giles, 1892) Railliet and Henry, 1902 (1).

(Plate XXXIII.)
Synonyms Sclerostomum rohustum Giles, 1892

;
Pseudoscleros-

tomum securiferum Quiel, 1919.
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Size and Shape .—Body stout, tapering only slightly towards the
anterior extremity. Colour during life is brown, intestine deeply
pigmented, showing through the semi-transparent body wall. Males
average about 15-16 mm. in length, maximum breadth 0.59-1 mm.
Females 19-22 mm., with a maximum breadth of 1.15-1.5 mm.

Head .—Separated from the body by a slightly constricted neck
and is of considerable breadth, 560-660/x (500-800/r Boulenger).

Mouth Collar.—Is depressed and its oral margins considerably
notched so as to present a tuberculated appearance.

Head papillae.—Submedian
;
each consists of a slender tactile

appendage carried on a basal, wart-like prominence of tlie mouth
collar; this basal region bears in addition a second appendag’e in the

form of a delicate trumpet-shaped process directed externally.

Lateral papillae not markedly raised from the surface of the mouth
collar, and their bases are broad and carry a pair of lateral horn-like

processes
;
a pair of similar but smaller processes are situated near

the anterior extremity of each papilla.

Mouth capsule .—Is goblet shaped, its greatest width of 355-400/x

(320-470/x Boulenger) near its anterior margin and narrowing con-

siderably posteriorly. Depth 250-320y. Wall of capsule is compara-
tively thin except posteriorly, where it is greatly thickened .to form
a hoop-like transverse ridge encircling the base of the mouth capsule.

Mouth capsule furnished with strong muscles.

Dorsal gutter absent.

Leaf crowns.—External elements are large and number about
18. Internal are smaller, about twice as numerous; they do not arise

in one plane, originating nearer the anterior margin of the mouth
capsule dorsally and ventrally, than laterally

;
thus appearing shorter

laterally.

Oesophagus long, 1.5-1. 7 mm. in length; broadest anteriorly,

immediately behind the mouth capsule, narrows somewhat towards
the middle, increasing again in width posteriorly. On the whole, very
narrow throughout its length, having a maximum diameter of 310^.
Oesophageal funnel well developed, and the lining of its triradiate

cavity is modified to form three tooth-like structures, which do not,

however, protrude into the mouth capsule.

Excretory pore and cervical papillae slightly posterior to the
nerve ring, 1.2-1.3 mm. from the anterior 'extremity. Cervical
papillae extremely small.

Posterior extremity, wale, has a breadth of 0.9-1 mm. bilobed,
with no trace of a median lobe. Margin of the lateral lobes finely

denticulated. The ventral rays are slender and parallel and of equal
size. The medio-lateral ray is a little shorter than the other lateral

lays, and the postero-lateral possesses a short thick branch, arising
from near its base, and projecting dorsally. This extra lateral ray
terminates very bluntly, and its exact shape and length vary con-
siderably. There is no median-dorsal ray, the dorsal rays arising in

two groups of four. The externo-dorsal is the longest, the three other
dorsals being sub-equal, and the middle one is a little shorter than
the others. Genital cone is short and broad, almost hemispherical in

shape, and bears a pair of small lateral papillae; a conical lip-like

process is situated medianly, just ventral to the cloacal opening.
Dermal collar is well developed on the ventral surface only. Spicules
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long and slender, ending bluntly without hook-like terminations,
enclosed in a finely striated sheath, which is very conspicuous when
the spicules are protruded.

Posterior extremity
,
female.—Straight, body tapers rapidly from

the level of the vulva to the end, forming a pointed tail region.

Extremity has a rather variable shape according to the degree of

contraction, and it frequently appears mucronate. Anus lies 0.5-0.

7

mm. from the tip of the tail. Distance between anus and vulva
2. 6-2. 7 mm.

;
at this level the body has a maximum diameter 0.67-0.76

mm. Vagina remarkably short. Eggs are large, oval, and thin
shelled, 88-100/* by 40-48/* (100-130/* by 56-60/* Boulenger). Early
morula stage at oviposition.

Occurrence.—O. robustus is of very rare occurrence in South
Africa, only three females having been found : one in a horse and two
in a mule. Has been recorded as occurring in a zebra from the

London Zoological Gardens (Turner, 1920).

Poteriostomum im.paridentatum Quiel, 1919. (Plate XXXIV.)
Synonyms Hexodontostomum markusi Ihle, 1920; Cylicostomum

zebrae Turner, 1920; Poteriostomum pluridentatum Quiel,

1919.

Size .—One of the larger Sclerostomes. Adult male 11-14 mm. in

length, with maximum thickness 640-760/*. Females are very variable
in length, ranging between 13 and 2.1 mm., with a maximum thick-

ness between 0.9 and 1.15 mm.
Head.—300-350/* may be marked off from the rest of the body

by a very slight constriction.

Mouth collar comparatively high and separated off from the rest

of the cuticle by a definite constriction.

Head papillae are short, conical, wdth broad bases resting on
the oral collar ; their distal extremities are short and blunt, pro-

jecting only slightly beyond the mouth opening. Lateral papillae

are broad, hut do not project.

Mouth capsule ellipsoidal, with its longer axis running dorso-
ventrally, not deep (52-60/*) (85-90/* Turner) in proportion to its width
(150-220/* 1

;
the walls of the mouth capsule diverge slightly from before

backwards. Seen in optical section (hey are thin anteriorly, and
show a considerable swelling posteriorly, and their anterior margin
may also be slightly swollen at the point of insertion of the internal

leaf crown.

Dorsal gutter well developed and most conspicuous and extending
more than half-way up the mouth cavity.

Leaf crowns.—External composed of numerous small and pointed
elements originating near the anterior margin of the mouth collar.

Internal consists of about 36 long and bluntly pointed elements,

their number seems to be very variable (48 according to Quiel
;
43-45

Ihle; 48-59 Turner; 38 Boulenger). Of these six, corresponding in

position to the head papillae, are considerably longer than the ethers.

The number of small elements between these longer ones is variable.

Oesophagus short (680-800/*) and stout (240-320/*), roughly flask-

shaped.

Excretory pore and cervical papillae some distance behind the

nerve ring, 460-550/* (Turner 660-700/*) from the anterior extremity
of the body.
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Posterior extremity, male .-—Bursa short and broad, median lobe

continuous with the laterals
;
their free edges may be finely dentic-

ulated. The dorsal rays form one group and the lateral and ventral

rays another. The dorsal rays originate from a common trunk, which
forms posteriorly the main, median, and external branches and also

the externo-dorsal
;
these are united at their bases. The external

dorsal and median dorsal branches and the externo-dorsal ray are

placed at right angles to the main dorsal trunk and are parallel to

one another. The external branch and the externo-dorsal ray are

bent backwards at their tips. The main or internal dorsal ray thick,

narrowing abruptly to form a finger-like distal extension. The
postero-lateral ray has a peculiar short, backwardly directed branch,
which is also present in 0. robustus. Dermal collar well developed,
pre-bursal papillae long. Genital appendages, a narrow disc bearing
two short projections.

Posterior extremity, female.—Straight, tapering to the tip, which
may be rounded and knob-like. Distance from anus to tip 0.760-1
mm.; distance between anus and vulva 720-900//

;
at this level the

body has a maximum diameter of 600-700//. Yagina extremely short

(720//).

Occurrence.—Poteriostomum imparidentatum is not very com-
mon in South Africa; it may occur in any part of the colon as well

as in the caecum in either the horse, muie, donkey, or zebra.

Poteriostomum ratzii Kotlan, 1919 (1). (Plate XXXY.)
Synonym Cylicostomum ratzii Kotlan, 1919.
Size and shape .—Thick and fat; cephalic end somewhat trun-

cate, caudal extremity pointed in the female. Their length is

variable; males 9.5-11 mm. in length, with a maximum breadth of

0.G8 mm. Females are 14-17 mm. in length, although smaller (9 mm.)
sexually mature females may occur; maximum breadth up to 1.3 mm.

Mouth collar transparent, not broader than the body; separated
off by a marked constriction.

Papillae hardly project beyond the mouth collar, narrow, in the
shape of pine needles. Laterals hardly reach to surface of the mouth
collar.

Mouth capsule fairly wide, almost cylindrical, anterior border
slightly bent outwards. Walls fairly thin, posteriorly suddenly in-

creasing into a hoop-like thickening.
Dorsal giitter present, reaching to the level of the middle of' the

mouth capsule.

Leaf crowns .—External composed of 60-64 fine, pointed ele-

ments projecting beyond the mouth opening. Internal conspicuous,
40-44 stout, highly refractive elements, ending suddenly in a short
sharp point, arise at anterior margin of the mouth capsule, reaching
into the anterior half of the mouth collar.

Oesophagus short, 0.93 mm. in length, hardly swollen at its junc-
tion with the mouth capsule; cylindrical; minimum breadth 0.32
mm. : maximum breadth 0.37 mm., which is attained in the posterior

third of its length.
Excretory pore and cervical papillae at the level of the nerve

ring, 0.5 mm. from the anterior extremity.
I'osterior extremity, male .—Well developed; median lobe short,

broad, round in outline, margin finely denticulated. Bursal rays
well developed

;
seen ventrally the two anterior branches of the dorsal

35



G66

ray run parallel to tlie externo-dorsal ray at a right angle to the
longitudinal axis of the body. The postero-median ray, as also the
latero-ventral, bears at its base a short broad brancdi.

Posterior extremity, female .—Without subventral knots, long
and well developed. Anus 0.95 min. from the tip. Vulva 1.5 nun.
in front of anus.

Occurrence.—P. ratzii, present throughout the colon of all South
African equines, is somewhat larger than the form described by
Kotlan, but is identical with it m every other respect, its measure-
ments being as follows:—Length of males 14.5-16 mm.; maximum
breadth 650-700/n Length of females 16-20 mm.

;
maximum breadth

1-1.25 mm. Head 280-350y.
Oesophagus in males 700-800/*; maximum breadth 330/*. In

females 750-900/x; maximum breadth 300-400/*.

Excretory pore 430-560/* from anterior extremity. Length of

dorsal ray in male 550-600/*.

Female .—Distance of anus from tip 750-950/*; vulva 0.9-1.1 mm.
in front of anus; diameter of body at level of anus 560-700/*. Vagina
short.

Discussion .—In his description Kotlan states:
—“Bursal rays

well developed
; seen ventrally the two anterior branches of the dorsal

ray run parallel to the externo-dorsal ray at a right angle to the
longitudinal axis of the body.” In their drawing, Vol. XIV, 27th
November, 1910, of P. ratzii, Yorke and MacKie only give the
external-dorsal branch, running parallel to the externo-dorsal ray
and at right angles to the longitudinal axis of the body, the median-
dorsal running at an angle to this. In the South African forms the
externo-dorsal ray and the two anterior branches of the dorsal ray
run parallel to one another, but are not at right angles to the main
axis of the body, resembling somewhat the arrangement as drawn by
Turner for 0 . zebrae. The branch on the postero-lateral ray is well
developed.

In another form (Plate XXXVI), of which I only found three
males, the arrangement of the rays differed slightly from the above.
This form differs from the typical South African P. ratzii in its

smaller size (males 11-12 mm., maximum breadth 590/*) ;
its mouth

collar is comparatively higher; external leaf crown of over 70 leaves,

internal of about 36 elements; the mouth capsule is perhaps slightly

wider in comparison to its depth (33-50/* by 160-200/*). The bursa
is well developed and comparatively longer than in the typical form,
as represented in South Africa

;
the lateral and ventral rays diverge

from one, another at about equal angles
;
the postero-lateral is remark-

ably long and without the branch so characteristic of the type species.

The externo-dorsal ray and the external branch of the dorsal ray run
parallel, and at right angles to the main axis of the body, the median-
dorsal branch at an angle to this, the internal or main dorsal branch
(600/*) tapers to a fine point, whereas in the typical form it is fat

throughout its length, narrowing abruptly to form a short finger-like

distal extremity. For this form I propose the name P. ratzii var.

nanum until the examination of further material and the discovery
of the female establish its definite position in the Poteriostomum
group. It is quite probable that the smaller, sexually mature females
9 mm. of Kotlan may still prove to be the females of the variety
nanum.
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Table of Comparative Measurements of the Different Dorms of

P. ratzii.

Hungarian. South African. Var. nanum.

Body-
Length :

Male 9-5-11 mm. 14-5-16 mm. 11-12 mm.
Female 14-17 mm. (9) 16-20 mm. —

Maximum breadth

:

Male 0-68 mm. 0-650-0-7 mm. 0-59 mm.
Female 1 3 mm. 1-1-25 mm. —

Mouth capsule—

-

Depth _ _ 33—50a
Width — — 160-200/r

Oesophagus

—

Length 0-93 mm. 0 -7-0 -9 mm. 0-65-0-7 mm.
Width 0-37 mm. 0 • 36-0 4 mm. 0 -280 mm.

Excretory pore from anterior end. . .

.

0-5 mm. 0-43-0-56 mm. 0-45 mm.
Dorsal ray — 0-55-0-6 mm. 0-6 mm.
Anus-tip 0-95 mm. 0 -750-0-950 mm. —
Anus-vulva 1 5 mm. 0- 9-1-1 mm. —
External leaf crown 60-G4 over 60 over 70
Internal leaf crown 40-44 about 40 about 36

Craterostomum tenuicauda Boulenger, 1920 (4).

Size.—Small rather robust worms, the type specimens consist of
three immature females only, 4-5.5 mm. in length. Cuticle trans-

versely ringed. Body with a maximum breadth of nearly 0.4 mm.,
reduced to 0.23-0.32 mm. at the level of the termination of the oeso-

phagus.

Head.—0.17 mm. broad, not separated from the body by a

definite constriction.

Mouth collar.—Narrow and depressed at the margins.

Head papillae.—Submedian, small, with leaf'-like terminations;
lateral not prominent.

Dorsal gutter.—Well developed, similar in structure to that of

Triodontophorus

.

Mouth capsule circular, similar in structure to that of Triodon-
tophorus

,
a little broader than long, measuring 0.07 by 0.05 mm.

Leaf crowns.—External consists of 9 comparatively large, almost
triangular leaves, arising from the inside of the mouth collar, as in

Triodontophorus

.

The elements of the internal leaf crown are also

similar to those found in the above genus, being septa-like projec-

tions, numbering 18 only.

Oesophagus.—The oesophageal funnel is poorly developed and
there are no teeth projecting from it into the mouth capsule. Oeso-
phagus is narrow and has a length of 0.37-0.4 mm.

Excretory pore and cervical papillae are at the same level about
0.25 mm. from the anterior extremity.

Posterior extremity, female.—The genitalia are similar to those

of some species of Triodontophorus. Vagina is very short. Vulva
opens 0.53-0.57 mm. from the posterior extremity; at this level the
body has a thickness of 0.2 mm., which is reduced to 0.07-0.08 mm. in

the anal region; 0.25-0.27 mm. from the end of the body. The tail

region behind the anus is greatly attenuated and terminates in a
point.
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Occurrence .—No forms approaching these measurements occur in

the South African material. Originally reported as occurring in

the zebra.

Craterostomum mucronatum Ihle, 1920 (6). (Plate XXXVII.)

Synonym Cylicostomum mucronatum Ihle, 1920.

Size .—Males 6.5-7.25 mm. in length; maximum breadth 360/*.

Females 7.75-8.25 mm. in length; maximum breadth 440-500/*.

Head.—120-140/*, continuous with the body.
Mouth collar .—Narrow and depressed, marked off by a deep

constriction from the rest of the cuticle.

Head papillae .—Submedian slender, distal part marked off by
a notch, lateral short and broad.

Mouth capsule not quite circular; broader than deep, i.e. 60-72/*

by 40-48/*. Walls are curved outwards, fairly thick, slightly swollen
at their anterior margins.

Dorsal gutter .—Well developed and reaching almost to level of

anterior opening of mouth capsule.

Leaf crowns .—External composed of about 8 large, transparent
elements, with broad basis; seen laterally they present the appear-
ance of a trapezium or of a triangle whose corners have been rounded
off. Internal consists of about 24 short, broad elements, originating
at the anterior margin of the mouth capsule.

Oesophagus of average length 360-440/*, with a maximum breadth
of 100-120/*.

Excretory pore and cervical papillae a little behind the nerve
ring; 320-360/* from anterior end of body.

Posterior extremity
,
male .—Edges of bursa are finely denticu-

lated. Bursa continuous ventrally. Median lobe fairly short.

Dorsal rays slightly divergent, the median branch not quite reaching’

to the edge of the lobe. Length of main dorsal ray 350/*, no accessory

branches. The externo-lateral ray branches off from the common
median trftnk before the latter divides to form the medio-lateral and
postero-lateral rays. The externo- and medio-lateral approach one
another, the postero diverges at a wide angle. Ventral rays long
and straight. Dermal collar well developed both dorsally and ven-
trally. Appendages, two long and pointed projections. Prebursal
papillae long.

Posterior extremity
,
female, narrows gradually to a point behind

the vulva. Distance of anal cleft from the tip of tail 500-600/*;

distance between anus and vulva 600-680/*; at this level the diameter
of the body measures 250-300/*. Vagina very short indeed. Eggs
86-88/* by 40-44/*.

Occurrence .—Not very often met with; may occur in any part

of the colon of the horse, donkey, mule, or zebra. Ihle reports it

present in the caecum as well
;
up till now I have never once found

it in this part of the intestinal tract.

Craterostomum acuticaudatum Kotlan, 1919 (1).

Synonym Cylicostomum acuticaudatum Kotlan, 1919, This form
agrees in character with C. mucronatum, but is distinguished

from the latter by its larger size.

Size .—The males have an average length of 9.5 mm. Females
9-11 mm. long; maximum breadth 500/*.
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Leaf crowns .—Elements of the external leaf crown pointed 6-8

in number; internal leaf crown of 12-16 elements.

Oesophagus 520-590/*. Greatest breadth 140/*. Distance between
vulva and anus 760-850/*. Anus 510-590/* from tip of tail.

Occurrence.—Not found in South Africa. Ihle is inclined to

think that C. tenuicauda may prove to be the immature form of C.
acuticaudatum

.

Gyaloceplialus capitatus Looss, 1900. (Plate XXXVIII.)

Synonym Gyaloceplialus equi Yorke and Macfie, 1918.

Size .—A small slender species, easily recognized with the naked
eye as it has a black and white appearance, the coils of the gut
standing out clearly on account of their dark contents. Males 7-8.5

mm. in length, maximum breadth 400/*. Females 10-11 (8.5-10

Yorke and Macfie)
;
maximum breadth 550/*.

Head .—220-300/*, distinctly separated by a well marked neck.

Mouth collar well developed and sharply set off from the skin.

Head papillae .—Submedian fairly stout conical projections.

Laterals not prominent.

Mouth capsule.—Circular in transverse section. It is a highly
complicated structure, consisting of two portions

:
(a) an extra-

oesophageal part, which corresponds to the true buccal capsule of

other Cylicostomes, and (6) an intraoesophageal portion formed by
the chitinization of the oesophageal funnel, (a) The walls of the

extra-oesophageal portion consist anteriorly of a thick cliitinous ring,

which becomes thinner posteriorly and extends backwards over the

anterior portion of the oesophageal funnel as three delicate triangu-
lar prolongations, the apices of which coincide with the point of

contact of the three oesophageal divisions. (6) The intraoesophageal
part is a hemispherical cavity, into which project from the wall three

wedge-shaped septa, representing the continuation of the three
oesophageal segments. Each process extends anteriorly to about
the level of the posterior margin of the true buccal capsule and there
terminates as a tooth. At the base of the oesophageal funnel are
three pairs of chitinized ridges, forming the edges of the triradiate

cavity of the oesophagus. These ridges are crescentic in form, and
following the base of the funnel exteriorly they are lost in the wall
of the cavity, but internally they project forward as six pointed
teeth. Maximum breadth of the mouth capsule 110-120/*.

Dorsal gutter absent.

Leaf crowns.—External composed of numerous slender and
sharply pointed elements. Internal consists of about 30 large and
stout elements originating from the inner surface of the true buccal
capsule. Posteriorly each element terminates in two processes, giving
rise to a cogwheel or battlement appearance.

Oesophagus dilates into a large cup-shaped cavity lined with
chitin and armed with teeth as already described. This dilatation
almost completely fills the worm. Posterior to this the oesophagus
becomes very narrow, enlarging again behind the nerve ring. Length
of oesophagus, measured from the anterior end of the cup-like dila-
tation, is 1-1.2 mm. Greatest breadth behind nerve ring 200-280/*.



Excretory pore and cervical papillae immediately behind the

nerve ring 440-600/* from anterior extremity.

Posterior extremity
,
male .—Body tapers gradually to the bursa.

Median lobe rounded in outline
;
the laterals are distinctly marked

off, and are voluminous, embracing the cone ventrally. The ventrals,

externo-lateral, and lateral rays arise from a common trunk. The
latero-ventral ray is longer than its companion, reaching to the edge

of the bursa. The externo-lateral arises just before the point of

bifurcation of the median ray. The dorsal ray bifurcates after a

short course, the branches arising immediately behind this bifurca-

tion. The prebursal papillae are very long and assume the shape
of genuine rays in that they support the anterior portions of the

voluminous lateral lobes. Length of posterior ray 440-480/* (363/*

Yorke and Macfie). Genital cone very long and retractile, runs
obliquely posteriorly and ventrally; surrounded by a cuticular

expansion. Dermal collar not well developed.

Posterior extremity
,
female.—Straight and tapers slightly to

the tail. The tail is straight, very long, and slender. Anus
280-300/* in front of tip of tail. Distance between anus and vulva

450/*; at this level the body has a breadth of 200/*. Vagina of average
length 500-600/*. Eggs 116-120/* by 48-56/*.

Occurrence.—Is of frequent occurrence in the caecum, but
more especially the ventral colon, in the horse, mule, and donkey.

Yorke and Macfie, 1918, described a form G. equi which agreed
with G. capitat/us in all respects except that it differed from it by
the enormous length of its genital cone, which protrudes far beyond
the bursa, whereas in Looss’ form it only extends as far as the free

edge of the lobes. This difference of length is merely due to con-
traction of the cone. I have seen worms with their cone retracted

to such an extent that it did not even reach half-way to the fre e

edge of the lobes. All intermediate stages between this contracted
form and the long protruded form are not infrequently met with.
This same power of contraction of the genital cone is also possessed

by C. euproctus (Boulenger). Thus G. equi is the same as G.
capitatus.

Triodontopliorus minor Looss, 1902. (Plate XXXIX.)

Synonym Triodontus minor Looss, 1900.

Size .—The worms have a rather blunt aspect. Males 11-13 mm.
(9-12 mm. Boulenger) in length with a maximum breadth of 700-

800/*. Females 13-16 mm. (11-14 mm. Boulenger) in length with a
maximum breadth 750-850/*.

Head .—200-240/*, continuous with the body.

Mouth collar is depressed at the margins
;
the latter may curl

forwards, marked off by a constriction.

Head, papillae .—Submedian represented by short points.

Laterals not prominent.

Mouth capsule ellipsoidal in cross section, longer axis running
dorso-ventrally

;
it is comparatively large, the breadth being' a little

greater than the depth, 140-160/* wide by 120-140/* deep. Three
teeth arising from the oesophageal funnel project into the capsule.
These may be denticulated at their anterior margins; otherwise they
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show three prominent points, corresponding' in each tooth, to the

free borders of the two component lamellae and the edg-e formed

by their junction.

Dorsal gutter present, reaching to the level of anterior edge of

mouth capsule

.

Leaf crowns .—External about 50 sharply pointed leaves arising

from inner surface of the mouth collar. Internal of the same
number of small septa-like elements.

Oesophagus has an elongated and slender aspect. Slightly

dilated just behind the mouth capsule, cylindrical up to the nerve

ring, behind which it becomes gradually enlarged attaining its

maximum diameter of 150-220//, a short distance before its rounded
end. Its total length 920//-1.15 mm.

Excretory pore and cervical papillae somewhat posterior to the

nerve ring 600-800//. from anterior extremity.

Posterior extremity, male .—Bursa has a rather triangular
median lobe which is marked off from the laterals by a notch.

Length of dorsal ray 650-750// (in some it averages 900//), its median
branch shorter than the other dorsal branches. Laterals run close

together, the medio-lateral only reaching to edge of bursa. Ventrals
long and slender and their extremities diverge slightly. The dermal
collar completely surrounds the genital cone, but is better developed
oji the ventral surface. Small finger-like appendages may be
present at the genito-intestinal opening. Prebursal papillae long.

The part of the bursal membrane uniting the two lateral lobes^ ven-
trallv is not much raised from the surface below. Spicules about
1.7 mm.

Posterior extremity
,
female, is short and blunt, anus near to

tip of tail 130-160//. Distance between anus and vulva 440-520//

(in some as much as 600-700//)
;
at this level the body has a width

of 280-400//.

Vagina very short. Eggs 76-80// by 40-44// (83// by 119// Smit).

Occurrence

.

—Looss reports that this species is remarkable for

its habitat in the posterior region of the colon. In South Africa,
though preponderant in the dorsal colon, it also occurs frequently
and sometimes in larger numbers in the ventral colon. It may be
said to be the commonest form of Triodontophorus in South Africa,
where it is found in the horse, mule, and donkey. Up to the present
it has not yet been reported from the zebra.

Triodontophorus serratus (Looss, 1900). (Plate XL.)

Synonyms Triodontus serratus (Looss, 1900); Triodontophorus
intermedins (Sweet, 1909).

Size.—The largest species of the genus Triodontophorus. The
females tapering anteriorly and posteriorly. The length of the male
is 17-20.25 mm. (18 mm. Looss) with a maximum breadth of 700-800//.
The length of the female is 20-26 mm. (25 mm. Looss) with a
maximum breadth 0.8-1. 1 mm.

Head.-—Xot definitely marked off from rest of body.

Mouth, collar high, approximately circular when seen in profile.

Head papillae.—Submedian short, with a notch marking off the
small conical distal portion. Lateral papillae broad.



Mouth capsule comparatively small and shallow, 100-118/* deep
by 140-180/* wide. The three teeth project almost to the level of

the middle of the buccal cavity. Their anterior margins usually
denticulated.

Dorsal gutter well marked, reaching to anterior margin of mouth
capsule.

Leaf crowns .—External is composed of about 50 large pointed
elements

;
the internal consists of an equal number of small plate-

like elements, which project into the cavity of the mouth capsule.

Oesophagus elongated and slender, 1.3-1.17 mm. in length, with
a maximum breadth of 200-300/* at its posterior extremity.

Excretory pore and cervical papillae.—At the same level

just behind the nerve ring—540-950/* from anterior extremity.

Posterior extremity
,
male .—The median lobe is broad and very

short
;
the laterals are large. Length of dorsal ray 360-500/*. The

external dorsal branch comes off near the externo-dorsal ray. The
median branch comes off late and is almost as long as the internal.

The postero-lateral diverges from the medio-lateral by a fairly large

angle; the medio-lateral and externo-lateral are approximately
parallel. Ventrals long and parallel. Prebursal papillae fairly

long. Genital cone has dermal collar on ventral surface only.

Spicules according to Looss are “ considerably longer than in T. minor
and much thicker. The terminal hooks fairly powerful.” Looss
does not mention the barbs situated a short distance behind the hooks,

which projects backwards from the shafts.

Posterior extremity
,
female

,

is elongated. Anus 450-800/* from
tip of tail, vulva situated 1.3-2. 3 mm. in front of anus; that is 1.8

to 2.7 mm. (more than 2 mm. Looss) from tip of tail.. Eggs 76-84/*

by 40-48/*. According to Boulenger’s calculations made from Looss’

drawings given in his memoir on Anchylostomum duodenale, the eggs
measure 130/* in length.

Occurrence.—Is mainly present in the ventral colon and caecum
of the horse, mule, and donkey.

Discussion .—In 1909, Georgina Sweet described a new species

of Triodontophorus, T. intermedins basing the description on the
characters of three females only. This species she mentions as being
intermediate in size and character between T . serratus and T . minor,
though more closely approaching T. serratus. Judging by her
remarks, (a) that “ the cervical papillae appear much nearer the

median ventral line than in T . minor or T . serratus,” (h) that “unfor-
tunately the material was in a very unsuitable condition for histo-

logical examination,” as also, by the position given the cervical

papillae in her Fig. 2, it is obvious that her material was in a very
shrunken condition.

Boulenger, 1916 (1), amplified Sweet’s original diagnosis by a

description of worms found in England. He remarks that “ T

.

intermedins is certainly very closely allied to T. serratus; it can,
however, be readily distinguished from that species by its smaller
size, the shape of the mouth collar, the position of the vulva and
the size of the eggs in the females, and by the character of the

spicules in the males.”
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Concerning the mouth collar of the genus Triodontophorus

,

Looss

(p. 79) states that it “is well developed, flat rather than high . . .,”

and in his specific diagnosis of T . serratus he mentions it as a little

higher than in T . minor. In the larger magnification of the head
on Plate III he figures it “ as slightly depressed,’’ whereas in the
drawing of the anterior end it is figured as being definitely “circular
in outline.” In the specimens of' T. serratus from Cairo from the
collection at the Liverpool School of Tropical Medicine, most kindly
put at my disposal by Professor Yorke, the mouth collar in all cases

was definitely circular in outline. All the South African worms
likewise presented this circular outline.

Concerning the position of the vulva, Looss gives it as more than
2 mm. from the tip of the tail

;
the corresponding measurements given

for T. intermedius are 1.32-1.54 mm. (Sweet), 1.45-1.7 mm. (Boulen-
ger). In the material from Cairo this distance is 1.8-2.15 mm.

Working on the South African material, I find that there is a

definite gradual increase in the distance between the vulva and the
tip of the tail in proportion as the worms get larger. This distance,

however, may vary to a certain degree in worms of the same length,
as can be seen from the following table:—

Size of worm ... 20 mm. 21 mm. 22 mm. 23 mm. 24 mm. 25 mm. 26 mm.

Distance between vulva
and tip :

minimum
maximum

1'8 mm.
2 „

1-

95 mm

2-

15 „

'

1 '95 mm.
2-25 „

21 mm.
2-45 „

2'25 mm.
2-85 „

2'4 mm.
2.6 „

2’3 1 mm.
2-5 „

There is no doubt that the tail is capable of a certain amount
of contraction. This contraction shows most markedly in the region

between the anus and the tip.

This increase in distance between the vulva and tip corresponding
in increase to the size of the worms would account for the difference

in position of the vulva in T. intermedius, given as 1.32-1.54 mm.
for worms 16.9-20.25 mm. long, by Sweet; and as 1.45-1.7 mm. for

worms 16.5-18.7 mm. long, by Boulenger.
In his generic diagnosis of Triodontophorus

,

Looss (page 82)

remarks that “ the two spicula are of equal length in one of the

species, of comparatively considerable thickness. In cross-sections

they exhibit a shape similar to that of the Arabic numeral 9, their

free termination being transformed into a simple hook.” In his

specific diagnosis he further adds that the terminal hooks are fairly

powerful. In his drawing (Plate III) he also figures them as simple
hooks. In the material from Cairo, however, these hooks are fur-

nished with bars in the manner described and drawn by Boulenger
for T. intermedius.

Worms of all sizes are to be found intermediate in length

between the smallest T. intermedius (16.15 mm.) and the largest

7. serratus 26 mm. (compare the following table). In the females
of P. imparidentatum we find the same range of difference in the

lengths of the various worms,, i.e. 13-21 mm. It would thus seem
that the worms described by Sweet and Boulenger as T. intermedius
are in reality but small forms of T. serratus.
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Triodontopliorus brevicauda Boulenger, 1916 (1). (Plate XLI.)

Size .—Body appears rather blunt, especially in the female. Male
13.5-15 mm. in length; maximum breadth 650-750/*. Female 13.5-17

mm. in length; maximum breadth 750-900/*.

Head broad, 280-320/*, may be separated from the body by a

gentle constriction behind the mouth capsule.

Mouth collar is high and erect, attaining its greatest breadth
anteriorly, so as to appear separated from the rest of the head by a

deep constriction.

Head papillae .-—Submedian .short, hardly projecting beyond the

surface of the mouth collar. Lateral not prominent.

Mouth capsule large, nearly as deep as wide, 150-160/* by 180-

190/* (160-210/* by 200-250/* Boulenger). Anterior surface of teeth

are usually not denticulated.

Dorsal gutter well developed and reaching to level of anterior

margin of mouth capsule.

Leaf crowns .—External composed of numerous slender leaves.

Internal of about the same number of septa-like elements.

Oesophagus long and slender 0.9-1. 4 ram. long with a maximum
diameter 250-300/*.

Excretory pore and cervical papillae near the level of the nerve
ling 850-900/* (730-880/* Boulenger) from the anterior end.

Posterior extremity, male, elongated median lobe, which is at a

small angle to the main axis of the body. Length of dorsal

ray 750-800/*; long and slender. The median and external-dorsal

branches end at the same level ; the former net reaching the edge
of the bursa, postero-lateral diverges from medio-lateral. Ex Arno-
lateral parallel to medio-lateral, but shorter than it. Yentrals long
and slender. Prebursal papilla short. Dermal collar surrounds the

genital cone. Spicules slender, with strongly recurved hooks with
peculiar hammer-shaped barbs at their junction with the shafts.

Posterior extremity
,
female, blunt arid obliquely truncate. Anus

near to tip of tail 150/*; distance between anus and vulva 170-200/*,

immediately in front of which the body has a width of 420/*. Vagina
extremely short. Eggs 76-80/* by 40/* (91-100/* in length, Boulenger).

Occurrence .—Only found on several occasions in the colon of the

horse and donkey.

Triodontopliorus tenuicollis (Boulenger, 1916) (1). (Plate XLII.)

Size .—Body tapers to both extremities, especially thin anteriorly.

Male 18-20 mm. (13.5-19 mm. Boulenger) in length, with maximum
breadth 680-750/* (450-650/* Boulenger). Female 18.5-21 mm. (16-

19.5 Boulenger) maximum thickness 850-920/* (700-770/* Boulenger).

The cuticular transverse rings are much accentuated in the

narrow anterior region of the body, and are modified in such a way
as to give the body margins a coarsely serrated appearance.

Head., 160-180/* small, the anterior region of the body somewhai
narrowed.

Mouth collar depressed.
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Head papillae .—Submedian short, distal portion short. Lateral
papillae not prominent.

Mouth capsule comparatively small, slightly wider than deep,
100-120/x by 75-90g. Anterior margins of teeth provided with sharp
dent ieulations

;
these, however, may be absent and the margins quite

smooth.

Dorsal gutter well developed, reaching to level of anterior margin
of mouth capsule.

Leaf crowns.—External composed of numerous slender leaves,

about 50 in number; internal of the same number of septa-like
elements.

Oesophagus long and slender, 0. 9-1.1 mm. in length, with a

maximum breadth 130-150y.

Excretory pore and cervical papillae near level of the nerve ring.

Posterior extremity, male .—Bursa has a short median lobe, which
is almost at right angles to main axis of body. Laterals large and
distinctly marked off from the median by definite notch. Dorsal ray
short, 50-66y, its branches equally divergent. Median branch does
not reach to edge of bursa. Lateral rays long; the postero-lateral

divergent; median lateral longer than the externo-lateral. Yentrals
narrow

;
prebursal papilla long and slender. Dermal collar enor-

mously developed and completely surrounds the genital cone. Finger-
like projections of the dermal collar may be present at the genito-

intestmal opening. Spicules slender, with feebly developed hooks,

which form wide angles with their shafts.

Posterior extremity, female, tapering to a short blunt point.

Anus near to tip of tail, 50-100y from it. Distance between anus and
vulva 500y; at this level the body has a breadth of 320-380g. Vagina
short. Eggs 84-92/t by 44-48y.

Occurrence .—Is more definitely restricted to the dorsal colon

than T. minor, where it may occur in large numbers. Is fairly

frequently met with (33 per cent.) in the horse, mule, and donkey.

Cylindr'opharynx brevicauda (Leiper, 1911) (2). (Plate XLIII.)

Size.—Small worms, the males measure 5-7.3 mm.
;
the females

5.6-8 mm. in length; maximum breadth of body 0.45 mm.
Head, measures 120-150y in breadth at the level of the anterior

extremity of the mouth capsule.

Mouth collar appears almost circular in a lateral view.

Head papillae .—Submedian papillae are conspicuous, each con-

sists of a leaf-shaped appendage carried on a cylindrical base. Laterals

are not prominent, they are situated in a slight depression of the oral

margin and have trifurcated extremities.

Mouth capsule, circular in transverse section. Cylindrical,

300-400/j. in length with a maximum diameter of 90-120/x, its internal

surface lined with a transparent chitinous layer. Walls are com-
paratively thick and straight, with a slight outward curve anteriorly.

Dorsal gutter does not project into the mouth capsule.

Leaf crowns .—The external consists of 6 large elements corres-

ponding in position to the head papillae. The two situated laterally
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are larger than the four submedians
;
each is notched and longitudi-

nally grooved, suggesting an origin by fusion of at least two elements.

Dorsally and ventral ly the external leaf-crown is deficient, but from
each of the dorsal and ventral lips of the mouth collar there projects

horizontally inwards a broad crescentic plate, the free concave margin
of which is directed towards the axis of the mouth. The internal

leaf crown consists of twelve broad elongated: leaves arising from
the anterior margin of the mouth capsule; the leaves are extremely
thick

;
in profile they might be taken for anteriorly directed branches

of the oral capsule.

Oesophagus exceedingly short and fleshy, almost cylindrical in

shape and measures 0.47-0.53 mm. in length, with a maximum width
of 0.13-0.18 mm.

Excretory pore and cervical papillae 450/x from anterior extre-

mity. Nerve ring surrounds oesophagus immediately behind its

union with the buccal capsule.

Posterior extremity, male .—The bursa has a denticulated margin,
the dorsal lobe measures about 0.2 mm. in length, the lateral lobes are

comparatively narrow and do not completely embrace the genital one.

The bursa shows a characteristic position of the rays. The posterior

ray is split to its base into two portions, and each of these is again
split as far back into an internal and external ray. The external
ray is deeply bifurcated as it reaches the edge of the bursa. There
is a stout, thick accessory or guiding piece. Genital cone large,

almost cylindrical, up to 0.4 mm. in length with a breadth of 0.17
mm., it is completely surrounded by the dermal collar which, however,
shows its greatest development on the ventral surface. Appendages
are quite peculiar : a pair of finger-shaped appendages with rounded
ends occur just behind the genital opening; whilst an irregular

number of delicate processes are scattered over the dorsal surface

of the cone. Spicules are long, about 1.1 mm., rather stout, with
hook-like terminations, recalling those of Triodontophorus.

Posterior extremity
,
female .—The tail is pointed

;
tapering very

quickly from a diameter of 0.25 mm. at the level of the vulva to a

pencil point. The vulva is situated 0.45-0.75 mm., the anus 0.15-0.2

mm. from the posterior extremity. Caudal region capable of a cer-

tain amount of contraction.

Occurrence .—This form was not found in South Africa.

Cylindropharynx longicauda (Lieper, 1911) (2). (Plate XLIII.)

Size .—Males 4. 7-5. 8 mm.; female 6.2-7 mm. in length. The
greatest breadth of the body is about 0.45 mm.

Head has a breadth of 0.14-0.15 mm.
Mouth collar and head papillae as in the type species.

Mouth capsule smaller, and considerably shorter than that of

C. brevicauda, measuring 0.18-0.2 mm., with a breadth of 0.07-0.09
mm.

Leaf crowns as in the type species.

Oesophagus more slender, 0.42-0.45 in length, the greatest
breadth 0.08-0.12 mm.
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Excretory pore and cervical papillae as in tlie type series.

Posterior extremity, male.—Bursa broad, measuring nearly 0.5
nun. in lateral view. The lateral lobes enclose the genital cone,
which is shorter and more globular than in the type species. The
external branch of the posterior ray may be undivided

;
or a small

branch may be given off close to the termination of the ray. Guiding
piece less developed and shorter, 0.13 mm. The appendages of the
genital cone consist of a single pair of rather stout, finger-shaped
processes.

Posterior extremity, female, long and pointed. Vulva situated

farther forward, 1.1-1.5 mm. from the posterior extremity; anus
0.28-0.32 mm. from tip.

Occurrence .—This form was not found in the South African
material.

Cylindropharynx rhodesiensis (Yorke and Macfie, 1920) (II).

(Plate XLIII.)

Size .—Male 12.5 mm. in length with maximum breadth of 650,«.

Female 13.5-15.8 mm. in length, greatest breadth 830/x.

Head.—-Mouth collar marked off by a constriction; it is distinctly

higher dorsally and ventrally than laterally.

Head papillae as in the type species.

Mouth capsule almost circular in transverse section, its longer
axis running dorso-ventrally. Very long, 511-544a, with a maximum
breadth of 144-175/x. The walls of the mouth capsule are stout,

of almost uniform thickness, except at the two extremities, where
they taper slightly; they are almost parallel, and the greatest

diameter, as in the type species, is found near the anterior opening.

Dorsal gutter as in type species; does not project into the buccal
capsule.

Leaf crowns as in C. hrevicauda.

Oesophagus short and broad. Nerve ring situated near the

anterior extremity. Its length in the male measures 767/x, in the

female 833-841/r.

Cervical papillae lie in front of the excretory pore

,

half-way
between the nerve ring and the posterior end of the oesphagus.

Posterior extremity
,
male .—Dorsal lobe of the bursa is short.

The posterior rav exhibits the following characters:—It is split to

its base, and from each limb arises one lateral branch, close to the

point of origin of the externo-dorsal ray (posterior external). The
extremity of the lateral branch bifurcates into two finger-like pro-

cesses, the external of which is slightly the longer. The main trunks

of the posterior ray taper to very fine points. Genital cone is

globular, and surrounded by a dermal collar, which is well developed
on the ventral surface. Genital appendages appear to be absent.

Spicules long, stout, and barbed.

Posterior extremity
,
female .—The end of the body is straight and

gradually tapers to a point. The distance from the anus to tip of

the tail varies from 388-480/x
;
and that from the vulva to the tip

from 1.7-2.196 mm.



Occurrence .—Originally reported from the large intestine of a

zebra shot in Northern Rhodesia; it was, however, not found in the

Transvaal material.

Cylindropharynx intermedia, n.sp. (Plate XLIV.)

Size.—The males measure 8.5-10 mm. in length, with a maxi-
mum breadth of 420-480/*. The females measure 10-11 mm. in length,

with a maximum breadth of 520/*. Cuticle shows transverse annula-
tion except in the cephalic region.

Head 140-1G0/* in breadth, head and neck narrower than the

iest of the body, increase in breadth, about midway down the

oesophagus.

Mouth collar and head papillae as in C. hrevicauda.

Mouth capsule has a depth, of 440-4G0/* in the male, 500-520/* in

the female, with a maximum breadth at its anterior extremity of

85-9G/* in the male and 120/* in the female. Walls stout, not straight

tapering slightly at both extremities.

Dorsal gutter and leaf crowns as in the type species. Oesophagus
short and roughly cylindrical in shape, shows a slight decrease in

width at the level of the nerve ring, immediately behind its union
with the buccal capsule. It is 470-540/* in length in the male and
G00-G40/* in the female, with a maximum breadth of 160/* in the
male and 200/* in the female.

Excretory pore and cervical papillae at about the same level

behind the nerve ring, 560-640/* in the male and 620-660/* in the
female from the anterior extremity. The left papilla is a little in

front of the right.

Posterior extremity
,
male .—The bursa has a short dorsal lobe

(280-300/* in length), whose outline may be rounded or bluntly
triangular. The lateral lobes do not embrace the genital cone. The
external branch of the dorsal ray is deeply bifurcated into two finger-

like processes, the external of which is the longer. The externo-dorsal
ray shows a groove down its centre, suggesting a fusion of two rays.

Genital cone of remarkable size, measuring 240-280/* in length, with
an average breadth of 160/*. It is retractile. Dermal collar well
developed, more especially ventrally. Genital appendages as in the

type species, i.e. a pair of finger-shaped appendages with rounded
ends occur just behind the genital opening, whilst an irregular num-
ber of delicate processes are scattered over the dorsal surface of the
cone. Spicules 920/*.

Posterior extremity, female.—At the vulva, situated 1.5-1. 6 mm.
from tip of tail, the body has a diameter of 360/*; behind this level

the body tapers to a pointed tail. Anus 260-320/* from the posterior

end.

Occurrence .—Present in the pelvic flexure and dorsal colon,
where it is the commonest parasite of the three zebrae examined.

Discussion.—This worm most closely resembles C. hrevicauda,
from which, however, it may be distinguished by its greater size and
by the posterior extremity of the female. It is easily distinguished
from C. longicauda and C . rhodesiensis by the nature of its genital
cone.



COMPAR

680



G81

Trichostrongylus axci (Cobbold, 1880) Railliet and Henry, 1909.

Synonym Strongylus tenuissimus (Mazzanti). (Plate XLY.)
Size.—Male 3.8-6 mm. Female 5-8 mm.
Body, filiform; tapering towards the extremities; mouth naked.
Male .—Bursa bilobed

;
posterior ray bifid, branches bifid at their

extremity; ventral and lateral rays separated from their commence-
ment; spicules short and twisted; 0. 150-0. 110/x in length; guber-

naculum present.

Female, with a conical caudal extremity, terminated by a delicate

point. Vulva in the posterior sixth of the body; eggs elliptical,

0.100 to 0.112 mm. long by 0.063 mm. broad, segmented in the uterus.

Habitat .—Stomach of the horse and donkey.
Geographical distribution .—Europe.
Discussion.—This species has only been reported twice, once by

Cobbold and once by Mazzanti, but their descriptions are not very
good; and the figure after Cobbold is not satisfactory. Nevertheless,
it seems that we are treating with a Trichostrongylus, as Railliet also

considers it.

This description is taken from Travassos (2).

Dictyocaulus Arnfieldi (Cobbold, 1884). (Plate XLV.)
Male 28-36 mm.

;
female 43-55 mm.

Caudal bursa short and faintly lobed
;
median rays bifid;

posterior rays bilobate and widely united at their base. Spicules
curved, measuring 200-240y. Tail of female short, slightly curved,
terminating in a blunt point. Vulva sitxiated in anterior three-fifths

of the body. Eg'gs 80-100y long by 50-60y wide. Embryo 0.4-0.

5

mm. long developed in uterus.

Habitat.—Lungs of horse and donkey—capable of producing
verminous bronchitis.

Dictyocaulus viviparus Bloch, 1782.

Males 40 mm., females 60-80 mm.
Caudal bursa small, not lobed; middle rays simple, posterior

tridentate; spicules small acute. Tail of female short and sharp;
vulva near middle of body. Eggs 85y by 35y.

Habitat.—Found in the bronchi of cattle and horse.

Ascaris megalocsphala Cloquet, 1824.

Synonym Ascaris equorum (Goeze).

(Size.—Males 15-18 cm., females 18-37 cm.

Head .—The three lips are marked off from the rest of the body
by a well defined constriction. On their inner surface the lips bear
a large number of very fine teeth.

Head papillae .—The dorsal lip bears two papillae, and each of

the ventral lips only one papilla.

Posterior extremity, male, bears two small alae, and on each

side has 79-105 papillae; 7 of these are postanal, whereas the 4th and
5th as well as the 7th and 8th are fused. An unpaired papilla in

front of cloacal opening. The rest are arranged at first in one
line, but later in several.

Female.—The vulva is in anterior third; vagina short; uteri

parallel. Eggs almost spherical 0.09-0.1 mm.
Occurrence.—Gough states that Ascaris equorum appears to be

frequent in South African equities; he reports it from the horse and
from the zebra.
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Ascarids were not included in the Onderstepoort material.

Life-history .—The course of development of A. lumbricoides
(a form very closely related to A. megalocephala) as given by Ransom
and Foster (1 and 2) is briefly as follows:—

Infective eggs, i.e. eggs in which the contained embryo have
reached the vermiform stage, hatch out in the small intestine, from
whence they migrate to the liver, where they remain for a few days.

They then migrate to the lungs evidently by way of the hepatic veins,

inferior vena cava, heart, and pulmonary arteries. From the lungs
they pass up the bronchi and trachea and finally reach the small

intestine again by way of the oesophagus. Some larvae may go
astray and may occur in the spleen under the peritoneum of the

abdominal cavity and in other locations which they could scarcely

reach except in the systemic circulation.

It is most probable that the life-history of A. megalocephala
may prove to be the same as that of A. lumbricoides.

Yoshida favours the view that the larvae may penetrate into

the lungs from the surface after passing through the diaphragm,
though he obtained no clear evidence to support this theory.

Ascaris zebrae Sckrijabin, 1916. (Plate XLYI.)
Size .—Male reaches 150-180 mm. in length with a maximum

widtli of 0.85 mm. to 1.86 mm. The female 75-100 mm. in length
with a maximum breadth of 1.8-1. 5 mm. in the middle of the body.

Cuticle is transversely striated.

Head.—The cephalic extremity is surrounded by three basal

and three accessory lips, whose length only reaches one-third of that

of the basal lips.

The lips are of nearly regular quadrangular form with traces

of a slight groove both on the anterior and lateral edges, the peri-

pheral part of the lip is occupied by a transparent fine membrane,
bordered by a dentated margin. The median part of the lip has a

deep fissure on the interior, the fissure widens anteriorly. The
fissure divides both lobes of the pulp, which latter has no remarkable
features in this species. The most characteristic feature in our
species is the presence of dentated formations on the interior surface
of the lips, in their posterior half. Here there is a formation w'hich
is concave towards the oral lumen. Its upper slightly concave edge,
as well as its lateral edges are covered with small denticles, whose
points are directed anteriorly. This character distinguishes A.
zebrae from other related forms.

Oesophagus is comparatively short; only 6-7 mm. long.
Male.—The caudal end is rounded, and has a small knobbed tip.

The aperture of the cloaca is situated 0.255 mm. from the posterior
extremity. At this level the body has a width of 0.476 mm. At
the level, where the oesophagus passes into the intestine, it has a
breadth of 0.765 mm.

Two equal spicula; 4.08 mm. long. These are slightly curved,
of a simple structure, and without any alate diverticula. The
posterior end is rounded in the shape of a spoon.

There are 48 pairs of preanal papillae, of which six pairs are
arranged laterally and 42 submedially. The lateral papillae are
concave formations with rounded knobbed tips; the submedian
papillae on the contrary, are flat bodies, not protruding above the
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surface of tlie cuticle, each is surrounded by an oval ridg’e, which
g'ives it the appearance of an eye. The arrangement of the papillae

is as figured on Plate XLVI.
Female .—The anal aperture is situated at a distance of 0.39 mm.

from the posterior end
;

at this level the body has a diameter of

0.68 mm. The tail is rounded and provided with a small conical

process 34y long. The genital aperture is situated somewhat posterior

to the middle of the body length. The eggs are round or oval, 85-90/x

in length and 68-72/x in width. The egg-shell is finely punctuated.

Occurrence .—Parasitic in the intestine of the zebra. It was not

present in the South African material.

Oxyuris equi Schrank, 1788. (Plate XLIX.)
Synonyms Oxyuris curvula (Rudolphi, 1803) ;

Oxyuris uiastigodes

(N itsch)

.

Size .—Males 9-12 mm., females up to 150 mm. in length.

Body usually whitish, without any cuticular inflations at its anterior

end. Mouth surrounded by three large lips. Two lateral papillae,

which are low and near to the mouth opening, and four submedian
papillae. These latter are thick, their surface showing a radiallv

arranged grooving.
Oesophagus in the female about 3 mm.; showing a denticular

apparatus.
Male .—Posterior extremity obtuse with a caudal bursa of

peculiar structure. There are two dorsal papillae carrying the cuti-

cular expansion
;

ventrally the bursa is also supported by two
papillae. Dorsally to the cloaca is the spiculum surrounded by a

cuticular sheath, which is supported laterally bj^ two slender papillae.

Behind these two stand two larger spicules carrying a membranous
structure, which surrounds the spiculum and its sheath. Outside these

is a pair of large papillae, which likewise possess a serrated additional

piece each bearing a free cuticular edge.
Female .—Body thick anteriorly, behind the anus suddenly

falling away into a thin tail, which is of variable length.

Vulva 7-10 mm. from the anterior extremity. Eggs elliptical,

thick-shelled. At one end the shell is pierced, the hole, however,
being closed up with a plug.

Occurrence .—In the South African material the larvae were of

frequent occurrence in the colon and only in two cases were there
any present in the caecum. Mature females wrere rarely met with,
their usual habitat being the rectum. In one case, a donkey wThich
had been killed on account of rickets, there were no less than 110
males. In the accompanying 7 females, the tail had not yet
increased in length. This donkey must at one time have suffered
from a very heavy infection indeed, the fertilized females having
already migrated into the rectum at the time when the worms wore
collected; for in no other way can the large proportion of males,
which are ixsually rare, be explained. Oxyuris is a frequent parasite
in all the South African equines.

Von Linstow (3) reports an Oxyure (O. tenuicauda) from a zebra
(Rukwa) which in all probability is a form of O. equi.

Genus Crossocephalus.

At present we have three descriptions of worms belonging to
this genus: (1) that of Pterocephalus viviparus given by Von Linstow



684

in 1899
; (2) that of Crossocephalus viviparus given by Gedoelst, 1916

;

and (3) that of Crossocephalus zehrae given by Yorke and Southwell,
1920. The three worms described and figured agree in the main,
but differ in the detailed structure of the head. These differences,

however, may be merely due to faulty interpretations, so that in

reality, we are in all probability dealing with one worm only. Hence
I will adopt the description as given by Yorke and Southwell (which
corresponds to the worms found in my material) and will then note
the differences between this form and the other two.

Crossocephalus zehrae Yorke and Southwell, 1920. (Plates XLYII
and XLVIII.)

Size .—Moderately small species, the female being slightly larger

than the male. The males are 7. 6-8. 3 mm. in length, with a maxi-
mum breadth of 440y ; the females are 7.4 to 9.4 mm. in length,

with a maximum breadth of 498y. The anterior extremity is trun-

cated
;
the posterior extremity of the male is inrolled ventrally and

that of the female straight and tapering.

Head.—The anterior end of the body tapers very slightly to the

head, which is sharply truncated
;
there is no definite neck.

Lips.—The mouth is surrounded by three lips, one dorsal and
two subventral. Each lip on its oral aspect being sub-divided into

three portions, and having a finely serrated edge.

Head papillae.—These are numerous, 15 in number, and have
a complicated arrangement

:
(a) the two lateral papillae are very

prominent; (6) the four submedian just project beyond the surface

of the lip
;

(c) an additional papilla situated in the middle of each
lip

;
(d) three pairs of papillae, so arranged that one papilla lies on

each side of the junctions of the three lips. There is no chitinized

mouth capsule, but there are three pairs of pectinated laminae,
situated in the anterior end of the oesophagus. Each of these

laminae bears from eight to eleven pointed teeth, which are directed
backwards when the mouth is closed. The mouth is capable of being
everted, in which condition the lips are folded back over the anterior

end of the worm, the papillae being directed backwards, the anterior

portion of the oesophagus then forms the anterior end of the worm,
the six pectinated laminae being erected and their teeth directed

forwards. Eversion is probably brought about by the action of

certain prominent longitudinal muscles.

The duct of the dorsal oesophageal gland opens into the mouth.
Oesophagus.—The length of the oesophagus in female worms,

in which the mouth is closed, measures from 1.016 mm. to 1.085 mm.

;

when the mouth is open there is an apparent shortening of the oeso-

phagus to the extent of about 100y, showing the extent to which
eversion of the anterior end of the oesophagus pray proceed. In the

males the oesophagus varied in length from 1.002 mm. to 1.013 mm.
A series of yellow club-shaped bodies possibly of a glandular nature
occur in the wall of the oesophagus

;
these commence about 220y

from the anterior extremity of the worm, and extend backwards for

a distance of about 70/x. The bulb of the oesophagus contains a

valvular arrangement consisting of three ridges projecting into the
lumen.

Excretory pore .—This is situated about twice the length of the
oesophagus from the anterior extremity; 2.041y in the female, 2.110p
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in the male, from the anterior extremity. The pore presents the

appearance of a transverse slit, and is surrounded by a palisade-like

structure consisting of cuticular ridges.

Cervical papillae are nipple-like projections lying very close to

the anterior extremity of the worm.
Posterior extremity, male.—Markedly inrolled ventrally. The

tail tapers to a point and is furnished with three preanal and five

postanal papillae
;

of the latter four lie towards the left and one
on the right side of the body. There are no membranous expansions.
Spicules are unequal in size. The larger about twice the length

of the smaller (varying from 295-353/* in length
;

the smaller from
145-176/*). The larger spicule shows fine striations, the testes and
ejaculatory duct are limited to the posterior third of the worm.

Posterior extremity
,
female.— -Straight, the tail tapering to a

point. Distance between anus and vulva varies from 170-255/* and
the distance of the anus from the tip of the tail from 488-617/*.

There is a single tubular ovary, the anterior extremity of which lies

about 300/* behind the excretory pore (in females with large well-

developed embryos, it may be pushed forwards and may come to lie

at the level of the excretory pore). The oviduct runs forward for a

short distance and then dilates into a receptaculum seminis. The
uterus is a thin walled sac and reaches nearly as far posteriorly as

the vulva
;
in gravid worms it contains one or more fully formed

larvae, which attain to a length equal to about half that of the parent
worm. The larvae exhibit clearly the six pectinated laminae. In
the posterior part of the uterus developing larvae can be seen. The
vagina commences as a thick muscular tube and exhibits a beaded
appearance due to numerous dilations

;
it runs first posteriorly, then

anteriorly for a short course, and then directly posterior to the vulva.

Crossocephalvs viviparus (Yon Linstow, 1899) Gedoelst, 1916 (2).

(Plate XLVII.)
This form differs from C. zebrae mainly in the structure of the

head.
According to Gedoelst “ the cephalic extremity is sharply trun-

cated, and bordered by a peri-buccal collar (bourrelet), the free

margin of which is raised at the level of the six papillae : two laterals,

prominent, conical, in the form of lateral horns, and four submedian
in the form of depressed cones (en cone surbaisse). The region
bounded by the peri-buccal collar is occupied by three low lips, or

rather valves, equal in size and triangular in shape
;
their converging

apices are divided into three lobes, a large, rounded median, and two
pointed laterals; besides this, each lip bears two projecting hooks,
diverging slightly.” That is, according to Gedoelst, there are in

all only twelve papillae. The three not mentioned being apparently
the three additional papillae of C. zebrae situated in the middle of

each lip.
“ These lips surround a triangular mouth which leads

into the triangular cavity, or
‘ atrium preoesophagien,’ containing

six pectinated laminae arranged in pairs.”
Except for slight differences in the measurements, the rest of

the description corresponds with that given by Yorke and Southwell
for the females of C . zebrae.

Pterocephalus
(Crossocephalus ) viviparus (Von Linstow, 1899).

Apart from some structural misinterpretations, this form further
differs from C. zebrae in the following details:—
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“ The posterior extremity is limited by three rounded lips, one
dorsal and two ventrals

;
on the former are situated two circular

holes (oeffnung) and one on each of the latter. Exteriorly are six
‘ kegelformige Spitzen,’ and exteriorly to these are six hooks and
farther out six leaves of peculiar structure, wdiich are only attached
to the body by their bases, are deeply serrated and on the edges
facing one another are four bent leaves. The mouth opening can
be retracted, in which case the six ‘ kegelformige Spitzen ’ and the
six hooks are also drawn into the cavity and the six leaves are raised,

so that their posterior portions now point forwards.” For the sexu-
ally immature worms he gives the following description of the
cephalic extremity:—

" Mouth opening surrounded by six ‘ Spitzen,’ behind which
stand six hooks which curve forwards and inwards.” The pectinated
leaves, which are present even in very small embryos, he does not
mention.

Posterior extremity, male .

—

“ On each side of the tail are two
preanal and four postanal papillae and besides these a dorsal papilla

situated farther back.” It would seem that Yon Linstow first made
his drawings and later described his worms from the drawing. This
is the only plausible explanation which can be given of his doubling
the number of papillae and of placing them subventrally instead of
ventrally. His figure representing ihe lateral, view of the male .tail

corresponds to that of C. zebrae, except that he only figures two
instead of the three preanal papillae. Perhaps the third or middle
papilla was not developed in the specimen from which he made his

drawing, or perhaps owing to its smaller size ii was overlooked. Yon
Linstow in writing his description apparently, then, assumed that
his figure represented the papillae on one side of the tail only and
that those of the other side were similarly arranged. This explana-
tion might also account for his inversion of the parts of the cephalic

legion. The longer spicule he also mentions as being transversely

striated.

Posterior extremity
,
feviale.—May be retracted telescope-wise in

a certain region. (This phenomenon was also to be seen in some of

the South African worms.) The “vagina” is slightly behind the

middle of the body, dividing it in the proportion of 4:3. The
embryos he gives as about half as long as the females.

As Gedoelst correctly points out, the vulva can obviously not

be near the middle of the body, if the young embryo, measuring
half the length of the female, is to escape to the exterior through
it. We are thus forced to assume that the position, which Ton Lin-

stow attributes to it, is incorrect.

Occurrence.—Crossocephalus shows a decided preference for the
“ ventral colon,” where it may be present in great numbers. In the

caecum it may also be fairly numerous, but only a few are to be

found in the dorsal colon, which is usually heavily infested with
Cylindroph arynx.

The worms in the South African material were present in two
different sizes, the extremes of which, however, overlapped. The
smaller worms usually had their pectinated laminae drawn into the

mouth cavity, and showed signs of contraction
;

e.g. telescoping of

the female posterior extremity. In most cases the exact structure

of the head end was difficult to see, the three additional papillae

situated in the centre of each lip being liable to be easily overlooked.
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From the above table it will be seen that there is much over-
lapping in the measurements of different parts of the worms; of
special note is the fact that the spicules of the different forms are
on the average all of the same size and structure, indicating that
the respective worms all belong to the same species.

Prohstmayria vivipara (Probstmayr, 1865), Ransom, 1907. (Plate
XLIX).

Size .—Transparent, small and slender. Male 2.7 mm., female
2-2.2 mm.; truncated anteriorly bears a long slender tail.

Head .—Mouth surrounded by a very transparent collar consist-

ing apparently of six bulbous lips.

Diameter of mouth collar 18-22y.

Pharynx elongated cylindrical, 40-50y long.

Oesophagus consisting of two portions, a long, slender anterior

portion 240-320g and a short pyriform portion 80-115/r with a cylin-

drical stem and with a denticular apparatus in the bulb.

Nerve ring surrounds anterior portion of oesophagus near its

middle.

Excretory pore.—Ventral of the oesophageal bulb, a small vesicle

opens to the exterior through the excretory pore.

Male genitalia consist of a single tube which anteriorly reaches
as far as the oesophagus. Two spicules, similar, slightly curved
and pointed, sub-equal; 67y and 58y in length. On the ventral
surface 4 pairs of preanal and one pair postanal papillae.

Female genitalia.—Vulva about half-way between the two
extremities of the body. Vagina short, uteri divergent, size depend-
ing upon stage of development of the embryos contained therein.

Eggs elongated with thin shell
;
size of eggs in uterus 58 by 40/r to

100 by 75/a according to stage of development. Only two to four

eggs present in the uterus at a time. The. eggs hatch in the uterus

and the embryos develop to a length of 1.8 mm. or more before they
are born. At birth they resemble the parent, except that the sexual

organs are not yet developed. The embryos apparently may develop
directly into adults without leaving their host. Life-history outside

host unknown.
Occurrence in the large intestine of the horse, donkey, and zebra.

In the South African material it was present in the ventral colon

of two horses and one zebra. In one case I found several Cylicostomes
in the act of swallowing P. vivipara very much in the same manner
as that described by Looss for a small transparent Oxyuris—thus it

would seem that this small transparent Oxyuris recorded by Looss
actually is P. vivipara.

Geographical Distribution.—P. vivipara is now known from
Germany (Probstmayr, Jerke), Italy (Perroncito, Fiorentini), France
(Railliet), Holland (Ihle), Egypt (Looss), South Africa, and in the
United States (Ransom).

Setaria equina Abildgaard, 1789. (Plate L.)

Synonyms Gordius equines Abildgaard, 1789. Filaria equi
Gmelin, 1789; Hamularia (Treutler, 1795) of Stiles, 1907;
Filaria papillosa Rudolphi.
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Body is whitish, filiform, pointed posteriorly, blunted anteriorly.

Male 6-8 cm.
;
females 9-12 cm.

Cuticle presents a delicate transverse striation.

Head is broad. The mouth is small, round, surrounded by a
chitinous ring, the border of which carries at the sides two semi-
lunar lips, and there is on the dorsal as well as on the ventral surface
a papilliform process; four submedian papillae. In the specimens
before me the cylindrical oesophagus measures 0.8-0. 9 mm. by 121-
150/t. The darkly pigmented chyle intestine is somewhat broader.
ISTerve ring about 100/x from anterior end.

Posterior extremity, male, ends in a corkscrew spiral. Ventral
surface chagrined and flattened into 2 cuticular appendages.
Usually 8 pairs of papillae, which are not symmetrically arranged

—

4 postanal, of which 1 and 3 are somewhat smaller; a fifth postanal
may be present; the four preanals are of equal size. Two short, thick,

unequal, spicules jointed to slender guiding piece with well-developed
muscles. The longer spicule, 320y, has wings which reach to its

free extremity. Shorter spicule 180/4.

Posterior extremity
,
female.—Vulva situated just (0.5 mm.) pos-

teriorly to head. Tail ends in a slight swelling, chagrined; on the
tail corresponding with each submedian line is a well-defined conical

papilla. Eggs may accumulate in the vagina (vestibule). Vivipa-
rous.

Embryos measure 280/x in length by 7/4 in breadth.

Habitat.—Is a frequent parasite of horses, asses, and mules and
has also been reported in cattle. It inhabits the peritoneal cavity
and from there occasionally invades the females genitalia or even the
liver; it is found more rarely in the pleural cavity, the cranium, or

in the intestine. Embryos live in the blood vessels.

The four worms present in my collection were from the stomach
of a zebra.

Habronema muscae Carter, 1861. (Plate LI.)

Synonyms Filaria muscae Carter, 1861 (Ransom 3 and 4);
Filaria stomoxeos Von Linstow, 1875.

Dermofilaria irritans Rivolta, 1884.

Size and shape filiform. Male varies in length from 8-14 mm.,
with a maximum width, near its anterior extremity, of 250-300/1.

The female measures 13-22 mm. with a width of 250-400/4 in the
region of the vulva.

Cuticle shows a marked transverse striations. A narrow lateral

membrane begins posterior of the left cervical papilla and extends
backward along the left side of the body. In the male it reaches
to about the middle of the body. In the female it ends within a
short distance of the vulva.

Head rounded in outline.

Head papillae.—Submedian papillae situated somewhat posterior
to the two lateral.

Mouth bordered by 2 lateral trilobed lips, or if differently inter-
preted by 2 lateral and four submedian lips. From a lateral view
the median lobe of each lateral lip presents a nearly quadrangular
outline, with the lateral papilla near its anterior border.
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Pharynx relatively small and slender, somewhat complicated in

structure. It has an average depth of 48m in the male, and of

52-59/* in the female; with a maximum diameter of 16-22/*.

Oesophagus is distinctly divided into two parts, a narrow, short
anterior portion and a broader, longer posterior portion, the nerve
ring surrounds the slender anterior portion, about 230/* in the male,
300/* in the female, from the anterior of the body.

Cervical papillae short, slender, and bristle-] ike at the level of

the nerve ring.

Posterior extremity, male, curves ventrally, usually describing
a single turn of a spiral. Narrow, almost symmetrical, bursal wings
are present, measuring about 500/* in length and extending to the

tip of the tail. Papillae are stalked; there are four pairs of preanal
papillae, two pairs of which are adanal rather than preanal.
Postanal papillae asymmetrical in arrangement. On the right side

of the bursa there is only one postanal papilla, which is situated

about half-way between the anus and the tip ot the tail. On the

left side there are two papillae, one immediately in front of the level

of the postanal papilla of' the right side and the other immed'ately
behind this level. The ventral surface of the tip of the tail of the

male is supplied with a cluster of very small papillae, six of which
are somewhat more prominent than the others. The entire ventral

face of the bursa is marked with delicate longitudinal ridges and
small vesicular excrescences having a linear arrangement.

Spicules, two unequal; the left is long, slender, about 2.5 mm.
in length; about 10/* in diameter near its proximal end, tapering to

a sharp point, and measuring about by in diameter at its middle.
The right spicule is shorter and thicker, about 500/* long, tapering

from a thickness of about 20/* near its proximal end to a point poste-

riorly; measuring about 10m at its middle. Near the anal opening
the spicules are surrounded by a small irregularly shaped guber-
naculum.

Female genitalia .—The vulva is situated 7 mm., i.e. about a
third of the length of the body, from the anterior end. The vulva
is small and displaced dorsalward out of the usual mid-ventral
position. It may he dorsal in position, or may even be displaced

still further and be located on the left side of the body. The distal

portion of the vagina measures less than 15/* in diameter, and is

without a muscular sheath. From the vulva it passes transversely

around the body, beneath the cuticle in the superficial portion of

the body wall, then enters the body cavity, becoming clothed with a

muscular layer [= vestibule of Seurat (5)] and passes posteriorly,

joining t Tie two uteri about 1.5 mm. posterior to the vulva.

Tail rather plump, with rounded tip and more or less curved
dorsalward, the postanal portion measuring 300-350/*.

Occurrence.—II. muscae is essentially parasitic in the stomach,
but was occasionally found in small numbers in the caecum and
ventral colon of the horse and zebra. It seems to be the commonest
representative of its genus present in South Africa.

Life-history .—The young embryos escaping from the uteri of

the female worms are excreted with the faeces of the horse. In the

manure they enter the larvae of the house-fly. Here they undergo
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a process of growth and development, reaching their final larval

stages at about the time the flies emerge from the pupal stage.

Further development of the worm waits upon the swallowing of the

infested fly by a horse, in which event the life-cycle becomes com-
pleted by the growth of the worms to maturity. In the flies the
parasites are commonly found in the head, frequently in the pro-
boscis, and they may also occur in the thorax or abdomen. At this

stage of their development they are characterized by their spiny
knobbed tail. In their discussion on the “ plaies d’ete ” of equines.
Railliet and Henry (4) come to the conclusion that the nematode
causing these wounds is a Spiropteral larva belonging- to the genus
Habronema, the mode of infection probably being the following

:

The Habronema embryos are excreted with the faeces. From the
soiled bedding they penetrate the skin in the manner of AnJcylo-
stomes, causing an irritation with the formation of nodules, which
through the influence of rubbing and friction develop into wounds.
Here the larvae continue their development analogous to that which
normally takes place in the fly. Railliet and Henry likewise point
out the possibility of a relationship existing between the “ plaies

d’ete ” and certain nodules of the lungs. The presence of the larvae

in the lung tissue is in no way in opposition to the hypothesis put
forward concerning their mode of penetration; it being known that,

Ankylos tonne larvae introduced into their host through the skin pass

into the lungs.

According to Roubaud and Descazeaux the larvae of H . mega-
stoma are exclusively parasitic on the malphigian tubes of their

intermediate host, the house-fly. Whereas the larvae of H. muscae
and II . microstoma are parasitic in the ceils of the adipose tissue

(II. muscae in the house-fly, II. microstoma in Stomoxys).

Two factors are essential before the escape of the larvae can
take place, viz., warmth and humidity. The infection of the definite

host is realized when the proboscis of the fly comes in contact with
the horse’s lips or when a fly settles on an open wound.

Habronema megastoma (Rudolphi, 1819). (Plate LII.)

Synonyms Spiroptera megastoma Rudolphi, 1819; Filaria mega-
stoma Schneider, 1866.

Size and shape

;

small filiform, tapering towards its extremities.

Male, 7-10 mm. in length; female 10-13 mm. in length.

Cuticle .—Lateral membranes present.

Head.—Shows a definite cephalic enlargement.

Head papillae as in the other species of this genus.

Month differs somewhat from the type species. It shows only
four lips, of which the two laterals are the smaller. These are

separated off from the rest of the skin by a deep constriction, giving
the appearance of a definite mouth collar. The pulp of these lips

shows a peculiar and characteristic striation or grooving.

Pharynx relatively simple in structure. Its wall thick, without
the complications present at its anterior margins as in II. muscae.
Parallel at its base, opening out funnel-wise anteriorly, characterized

by its extraordinarily well -developed muscles.
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Oesophagus shows the two divisions : the short anterior portion
and the broader, longer posterior portion.

Cervical papillae at level of nerve ring.

Posterior extremity, male, curves ventrally describing a single

turn of a spiral. Lateral wings present, showing longitudinal
ridges, ventral surface also shows the same scalloped markings. Four
pairs of preanal papillae, arranged more or less symmetrically; one
pair of postanal papillae situated about half-way between the anus
and the posterior extremity.

Spicules, two unequal.

Posterior extremity, female, ends in a tail with rounded tip.

Vulva in anterior third of the body 4 mm. from the cephalic end.
Vagina long and curved. Eggs elongated, 330-350/* long by 8/x wide.
In the uterus the embroyos may attain a length of 600-700/*.

Occurrence .—Usually only found in ulcers in the stomach, but
may get washed down into the intestine. In the South African
material only one male was found, and this was in a zebra.

Habronema microstoma (Schneider, 1866). (Plate LIII.)

Synonyms Spiroptera microstoma Schneider, 1866
;
Filaria mi-

crostoma Schneider, 1866 (Ransom 4).

Size and shape .—Body tapers to both ends, filiform
;
male

averages 21 mm. in length (9-16 mm. Ransom; 11-22 mm. Schneider)

with a maximum breadth of 360-400/* (250-300/* Ransom). Female
averages 31-35 mm. (15-25 mm. Ransom; 22 mm. Schneider).

Cuticle shows marked transverse striations. As in the type
species the cuticular membrane on the left side of the body is also

present.

Head not marked off from the rest, of the body. Broad, square,

and truncate in appearance.

Head papillae as in the type species.

Mouth as in the type species.

Pharynx comparatively well developed with thick walls; is

essentially the same in structure as that of H. muscae; in addition,

two tridentate processes project into the mouth cavity, one from the

dorsal wall of the anterior part of the pharynx and the other from
its ventral wall. It has an average depth of 75/*. Furnished with a

sheath of strong muscles.

Oesophagus shows the same divisions as the type species.

Cervical papillae and nerve ring situated rather farther back,

280-360/* from anterior extremity.

Posterior extremity
,
male .—The tail usuallv curves ventrally.

not quite describing a single turn of a spiral. Narrow bursal wings
present. These, as also the entire ventral face of the spiral, are

marked by numerous scalloped scale-like longitudinal ridges. Pa-
pillae are stalked. There are four pairs of preanal papillae, those

on the left side being somewhat farther anterior than those on the

right. There are four postanal papillae. The two on the left side,

slightly apart, are situated behind the anus. The two on the right

side, close together, are situated farther back, not far removed from
the tip of the tail. The tip of the tail shows the same cluster of

papillae as in H . muscae.
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Spicules unequal, the left about twice as long as the right;

both slightly curved, their respective measurements being 760-800/a

and 350-380/a. Left spicule is provided with a well developed muscle

;

a small irregularly shaped gubernaculum is present.

Female genitalia .—Vulva posterior to the anterior third of the
body is not markedly displaced out of the mid-ventral position.

At this level the body has a diameter of 560/a (350-500/a Ransom).
The vagina passes inward and backward, then curves forward for a

very short distance, and backward again, entering the body cavity
and continuing then in a straight course posteriorly to join the ter-

minal portion of the two uteri. The vagina, in the region of the

short S-shaped curve (i.e. vestibule of Seurat), is surrounded by a

mass of muscular tissue, which is very conspicuous just behind the

vulva. Length of vagina measured in a straight line from the vulva
to the point, where it joins the uteri, is 1.4 mm. (1 mm. Ransom).
Tail as in H. m.uscae, rather plump and slightly curved dorsal ward.
Anus 440-520/a from tip of tail. Small cuticular tubercles may be
present at tip of tail. Eggs, 45-49/a by 16/a, hatch in the uterus; the
young embryo measuring about 90-98/a in length.

• Occurrence .—Parasitic in the stomach of domesticated equines. In
the South African material it was also present in two out of the!

three zebrae examined.

Habronema zebrae, n.sp. (Plate LIV.)

Size and shape .—Intermediate in size between the South African
forms of H. microstoma and H . muscae. The males being 10-13 mm.
in length, with a maximum breadth of 220-240/a. The females
measure 17-18 mm. in length, with a maximum breadth of 340/a the
worms are filiform, tapering at both ends, reaching their maximum
breadth just behind the oesophagus and retaining it throughout
practically their whole length.

Cuticle very much as in H. microstoma.

Head.—The general plan of the head, mouth parts, pharynx,
and oesophagus is the same as for H. microstoma. It differs from
the latter, however, in its exceptionally deep pharynx, which recalls

that of the genus Cylindropharynx

.

This measures 140-160/a in depth
and has a diameter of 22-24/a. Walls are not thick and diverge
slightly anteriorly.

Cervical papillae are situated in front of the nerve ring, 280/a

from anterior extremity, and the excretory pore opens immediately
behind this level.

Entire oesophagus long, up to 3.3 mm. in length in females.

Posterior extremity, male, is usually coiled spirally. Bursal
wings present showing the usual longitudinal scale-like ridges or

cuticular bosses. The genital papillae are stalked. There are four
pairs of preanal papillae, the left series slightly in front of the right

;

and one large unpaired median papilla situated on the upper lip

of the cloaca. The four postanal papillae are asymmetrically
arranged. On the right side the two papillae are situated at a level

about half-way between the anus and the posterior extremity. On
the left the one papillae is situated at a level immediately behind the
anus, whilst the other is not far removed from the tip of the tail.
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Rarely a third papilla may be present on tne right side, in which
case it is situated opposite the left posterior papilla. Tip of tail is

provided with several smaller papillae.

Spicules .—Two unequal, the left very long and slender 1. 7-1.9

mm. in length
;
the right short and thick, 400-060/* in length. A *mall

irregularly shaped gubernaculum is -present.

Posterior extremity
,
female .—Vulva slightly in front of anterior

third of body. The ovijector resembles that of H. muscae. The
vulva may be displaced out of its mid-ventral position, not as much
as in the type species, however. From the vulva it passes for a short

distance around the body beneath the cuticle, and then enters the

body cavity, where it is surrounded by a muscular layer—(this cor-

responds to the vestibule of Seurat 480-560y). As in H. muscae, a

gland is placed at the base of the vestibule, between the muscular
tunic and the cuticle. The sphincter is S-shaped (“ ia trompe ” of

Seurat measuring 720-760/x), branches into the two uteri, which run
backwards and run parallel for a longer distance than in H. muscae.
The ovaries wind round the uteri. Seminal vesicle present. Tail

bluntly pointed and usually curves dorsally and with a caudal gland
and its opening at its extremity.

Discussion .—In general H. zebrae most closely resembles H.
muscae as regards the female genital organs and male spicules, and
resembles H. microstoma by the presence of the dorsal and ventral

processes in the pharynx. It differs from both in its size, deeper
pharynx, and in the arrangement of the postanal papillae.

Occurrence .—Present in fairly large numbers in the stomach
of the zebra.
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11.

megastoma.

7-10

mm.

10-13

mm.

2

lateral
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a
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a

ventral

lip
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pharyngeal
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1
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1 1
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II.
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mm.
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mm.
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lips

}

{

dentate
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4
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front
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right

2
left
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2
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2
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2
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7
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«
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a
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muscular

tissue
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a‘

H.

zebrae.

10-13

mm.

17-18

mm.

2

lateral,

trilobed

lips

s o'-.

S535
-T

I |

A

dorsal
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a

ventral

4
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preanal,

left

series

in

front

of

right

2
left

postanai

2
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postanai
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1-8

mm.
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Displaced
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Long,
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transversely

round

body

H.

muscae.

8-14

mm.

13-22

mm.

2

lateral,

trilobed

lips

1*3
Absent

2

pairs

preanal

2

pairs

adanal

2
left
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1

right

postanai
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2-5
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a
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round
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300-350

1(
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.
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Pharynx

—
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„
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Width
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processes
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Anal

papilla

Spicules—

Left
Kight

Vulva
Vagina

Anus-tip
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* Physocephalus sexalatus (Molin, 1860) Diesing, 1861. (Plate LV.)
Synonyms Spiroptera sexalata Molin, 1860 ;

Spiroptera strongy-
lina suis labiate Molin, 1860.

Head about 60/* in diameter at the anterior end, furnished with
two trilobed lips, each lobe being ornamented with a thick, rounded
chitinous papilla. The cuticle of the head, extending from the mouth
to a point 232/* from the anterior end, is more or less inflated.

Pharynx cylindrical, 263 to 315/* by 53/* wide, furnished with a

spiral band, which usually breaks up into separate rings in the middle
of its course and resumes the spiral towards the posterior end. The
number of turns to the spiral varies between 21 and 25/*. There is

a cervical papilla on the left side, 281/* from the anterior end. The
excretory pore opens on the right side, 526/* from the anterior end.
The lateral cuticular wings, three on each side, commencing at the base

of the cephalic cuticular inflation, extend posteriorly for a distance

about one-third of the body length. The middle wing of each three

is 60/* (110-120/* Seurat) wide at its middle, the point of greatest

width. The other wings are about half as wide.

Male.—6-9 mm. long, measured in a straight line. Body nearly
uniform in diameter, averaging 263/* and attaining its greatest width
of 315/* at the point of the greatest width of the
lateral wings. The narrow bursal membranes, about half the
width of the body, extend from a point about 1.4 or 1.5 mm. from
the caudal extremity to and including the bluntly pointed tip.

Caudal extremity twisted into a fairly regular spiral, having usually

three turns. Long spicule, grooved on the ventral side, 2.1 to 2.25
mm. in length, or five to six times the length of the short spicule,

very slender, gradually tapering to a fine needle point. Short
spicule 300-350/* long, relatively broad at its base, suddenly tapering
to a fine point. The ventral surface of the short spicule is provided
with a narrow wing, extending nearly to the tip. Bursa furnished
with eight pairs of papillae. Of these the four pairs of preanal
papillae are long and stalked; the postanal papillae, close to the

tip of the tail, are very small with short stalks.

Female.—13-19 mm. long, average about, 16-17 mm. Maximum
width 333-450/* in the region directly anterior to the anus. The
body rapidly increases in diameter from the anterior end to the

region of greatest width of the lateral cuticular wings. At this point
the diameter is nearly as great as in the region of the anus. It then
rapidly diminishes to half as much at the end of the first third of the

body, then slowly increasing, it reaches a maximum near the anus
and abruptly diminishes, the body ending in a blunt point, furnished
with a mucronate tip. Anus 120/* from the caudal end, 50/* in

diameter. Vulva posterior of the middle, 35/* in diameter, dividing
the body in the ratio of 9 to 8. The vagina extends posteriorly.

Uterus bilobed, the ovaries lying at opposite extremities. . Eggs 34
by 15/*, slightly flattened at the poles. Embryo well developed
before oviposition.

Development indirect, the egg normallv only hatching in the
digestive tube of an insect, from whence the larva makes its way
into the body cavity of its intermediate host, becoming encysted at

Description taken f'Om Foster (1).
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the end of its second phase. Further development takes place after

the intermediate host has been swallowed by the definite host.

Occurrence .—In the stomach and small intestine of the white-
lipped peccary, wild boar, and domestic hog. Reported by Seurat

(1 and 4) as occurring buried in the mucosa of the stomach of the
donkey and dromedary in Algeria, 1911.

36
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Table No. I.

TABLE OF OCCURRENCE l HORSE.

Number of bottle.. i 3 5 7 9 10 11 12 15 18 19 20 21 30 34 36

Strongylus
edentatus + +
equinus + + +
vulgaris + + + + + + + + + + + + +

Triodontophorus
brevicauda +
minor + + + + + + + + + + +
serratus + + + + + + +
tenuicollis + + + + + + +

Gyalocephalus
capitatus + + + 4- + + + + + + + +

Oesophagodontus
robustus +

Cylicostomum
tetracanthum
labratum + + + + + + + + + +
labiatum + + + + + +
coronatum + + + + + + + + + + + + + +

alveatum
*catinatum + + + + + + + + + + + + + + +
pateratum + + + + + + + + +
goldi + + + + + + +

radiatum + + + + + +
elongatum + +
insigne + + + + +

tnassatum + + + + + + + + + + + + -f + +
auriculatum. . .

.

culicatum + + + + + + + + + + + + + + +
minutum + + + + + + + + + + +
longibursatum .

.

+ + + + + + + + + + + + + + +
poculatum + +• + + + + +
asymetricum + + + + +

bicoronatum. . .

.

+ + + + . + + + + + +
euproctus + + + + +
ihlei

ultrajectinum. .

.

+
+

brevicapsulatum.

Poteriostomum
imparidentatum. + +
ratzii + + +

Craterostomum
mucronatum. . .

.

+ + + + + +

Oxyuris
+ +equi + + + + + + + +

Probslmayriu
+vivipam

Setaria
equina

Dictyocaulus
arnfieldi

Ilabronema
muscae + +

* catinatum *= var. pseudocatinatum.

t nassatum = var. parvum + leptostomum.
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Table No. I

—

continued.

TABLE OF OCCURRENCE : HORSE

—

continued.

Number of bottle.

.

40 41 42 43 44 45 47 53 56 57 59 60 62 O.L.142 Total

.

Strongylus
edentatus + + + + + 7
equinus + + + + + 8
vulgaris + + + + + + 19

Triodontophorus
brevicauda + + + 4+ + 4*

serratus + ! + + + • + 12
tenuicottis + + + + 11

Gyalocephalus
capitatus + + + + + + 18

Oesophagodontus
robustus 1

Cylicostomum
tetracanthum . .

.

0
labratum + + + + + + + + 18
labiatum + + + + + 11
coronatum

,

+ + + + + + + + + + + + 26

alveatum + 1

*catinatum + + + + + + + + + + + + 27
pateratum + + + + 13
goldi . + . + 4" + + + 14

radiatum 6
elongatum + + + + 6
insigne + + + + + + + + 13

tnassatum + + + + + + + + + +- + 26
auriculatum. . .

.

0

calicatum + + . + + + + + + + + 25
minutum + + + + + 16
longiburscrtum .

.

+ ’ + + + + + + 22
poculatum + 8
asymetricum. . .

.

+ + 8

bicoronatum ....
,
+ + + + + + 16

euproctws + 6
-f 2

ultrajectinum. .

.

+ + 3

brevicapsulatum. + 1

Poteriostomum
imparidentatum. + 3
ratzii + 4" 5

Cruterostomum,
mucronatum. . .

.

+ + 8

Oxyuris
equi + + + + + 15

Probstmayria
vivipara + 2

Setaria
eqmna . + 1

Dictyocaulus
arnfieldi. + 1

Ilabronema
muscae + + 4

* catinatum — var. pseudccatinalum.
t natsatum — var. panvm + leptostovivm.
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422
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185 D. + +++ ++ + + + ++ ++

55
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54 D. ++ + ++++ + + + + +++

52 D. + + + + ++ + + ++

51 D. ++ + + ++ + + ++

50 D. + ++ + + + + +

3 « +++ +++ + + + + ++

39 D. + +++ +
> + +

38
D. ++ ++++ + + +++ ++ + +

37 D.
4- + ++++ +++ + + +++

rH rH CO CO tH rH Ol r* COOl CO COOl CO <N CO rH
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M. +++ +++ + + + + + +++
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M. + +++ + + + +
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Table

TABLE OF OCCURRENCE

Date
Bottle number.

.

Animal

Feb.,
1916. March April May

5
O.L.422
D

22
1
H

18
3
H

21
5
H

22
7
H

23
9
H

24
10
H

27
11
H

27
12

H
6
15
H

6
14
M

8
16
M

8
19
H

29
57
H

1
34
H

3
56
H

4
18
H

12
20
H

17
21
H

23
30
H

24
31
M

Stiongylus
rdentatus
equinus
vulgaris

Triodontophorus

.

brevicauda ....
minor
serratus
tenuieollis

&yalocephalus . . .

capitatus

Oesophagodontus
robustus

ilylicostomum
tetracanthum .

.

labratum
labiatum
coronatum

alveatum
eatinatum,
fateratum
goldi

mdiatum
tlongatum
insiqne
adersi
oassatum
auriculatum. .

.

talicatum
minutum
ionjibursatum

.

poeulatum
asymetricum. .

.

bicoronatum. .

.

suproctus
ihlei

ultrajectinurn.

.

brevicapsulatum

Poteriostomum
imparidentatum
ratzii

Craterostomum
mucronatum. .

.

Gxyuris
equi.

Pwbstmayria
vivipara

Setaria
equina

Dictyoaaulus
arnfieldi

Habronema
muscae.

1
4 2 49 9 r 3 10 3 24

11
20 2 4

4 1 4 1 3 1 1

L 6 4 a 1

101

2

115 103 114 239 00 2
4
8 72 27 10

2

00 51 79

5

1
5

23 1
3

5+ 21 2 2 5 27 41

6

1

15 49

1

6 1 18 1 1 24 57 15

3
33

3

33
13
14

1

16

1

10 2

I

26

1

87

1

2

6+

1

1

1
4

2

3

7 7 24
1

30
3

2 i

1

+

+

+
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No. III.

IN THE CAECUM.

June July Aug. Sept. Oct.
Feb.,

1917.
Dec.

8
58
M

8
59
H

29
36
H

1

37
D

1

38
D

12
39
D

18
40
H

20
41.

H

20
42
H

21
43
H

22
44
H

25
40
H

27
47
H

19
60
H

19
61
H

21
49
D

29
50
D

30
51
D

13
52
D

62
H

17
53
H

18
54
D

19
55
D

2
1

93
43
46

L

— 1 4

1

19
7

3 3
11

1

4

11
1

3

25
54 1 1

7 29 4 1 3 3 5 1 1 1

—
1
1

76

2

2

1

16 107

2

11 71 87 65 82 1
6
2 9 14

5

3
51 78 6

S
2

5
3

1 1 14 8

1

2 19
1

— 32

2
5

4
1

+ 2

1

4

16 14 2

1

1

2
20

6

1 1
13

5

10 5

2

22 8 4 19 20
1

1 4 5 12

2

—

2

—

2 1
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Table

TABLE OF OCCURRENCE

Collected
Feb.,
1916. m

March April May

Date O 22 18 21 22 23 24 27 27 6 6 8 8 29 1 3 4 12 17 23 24
Bottle number.. O.L.42'2 1 8 5 7 9 10 11 12 15 14 16 19 57 34 56 18 20 21 30 31
Animal D H. H H H H H H H H M M H H H H H H H H M

Strongi/lus
edentatus 1 2 4
equinus 4 2 25 21
vulgaris 3 4 2 1 3 1

Triodontophorus
brevicauda ....
minor + + 1 00 2 7 3 2
serratus
tenuicollis

+

Gyalocephalus
capitatus 15 3 i 2 1 5 1 1 + 2 3

Oesophagodontus
robustus

Gylieostomum
tetiacr.nthum. .

labratum. 1 1 i 94 8 16 5 1 34 3 10 20
labiatum 3 1 56 13 45 17 2
eoronatum 2 1 8 3 3 3 8 4 2 7 3

elveatum
eatinatum 27 19 5 00 75 00 00 00 7 19 2 + 2 25 114 84 76
pateratum
goldi

3 1
1

22 12 2 1 3
200

+ 1 1

radiatum + 1 3 2 3 1 1
elongatum
insigne 1 1
adersi
nassatum
auriculatum. .

.

43 23 00 00 50 00 00 30 4 + 3 13 100 9 31

talicatum 7 42 30 + 40 6 1 00
. 1 23 + 1 17 17

minutum 27 30 7 + 6 4 + 16 + 2 12 40
longibursatum

.

poculatum
2 125 1

1
1

asymetricum. .

.

3

licoronatum . . .

euproctus
1 7 4 3 4

7
1 + 1 1 1 1

ihlei

ultrajectinum .

.

3

bievicapsulalum

Poleriostomum
imparidentatum
ratzii 3

Craterostomum
mucronatum. . . 1 6

Oxyitris
equi i 1

Probstmayria
vivipara +

Setaria
equina

Pictgocaulus
arnfivldi

JIabrorema
muscae

In bottles 16 and 37 the large number of C. gobli and Q. lomibursatum, as well as the general fauna
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No. IV.

IN THE VENTRAL COLON.

J une July

a 8 29 1
,

1 12 18 20 20 21 '2-2 25 27 19
58 59 36 37 38 39 40 41 42 43 44 46 47 60
M H H. 1) U i> H H H H H H H H

35 52
3 35
4 1 1 1

1

2 3 2 6 8 5 10 1 5
1 152 4

3 2 1

26 1 i 2

2

10 1 3 4
2 6 i

64 3 180 50 +

2 20 15 27 4 16 1 45
6 1 2

1 125 23

2
1

2 2

i 250
1

14 61 5 38 i 15

27 4 4 3 u 27 1

50
130

1 2 5

5
8

6
3
1

i 1

1 i

6
i

1

2 14 30 4

+

1 i

Sept.
eb.,

1917.

105
60

1

12

72
10

124

2

3

3
235

—

—

present, suggest that the labels of the ventral and the dorsal colon have been Intcrch .n^td.

8
8



T06

Table

TABLE OF OCCURRENCE

Collected

Date
Bottle number.

.

Animal

Feb.,
1916.

March April May

O.L.422
D

22
1

H

18
3
H

21
5
H

22
7

H

23
9
H

24
10
H

27
11
H

27
12
H

6
15
H

6
14
M

8
16
M

8
19
H

29
57
H

1
34
H

3
56
H

4
18
H

12
20
H

17
21
H

23
30
H

24
31
M

Strongylus
edentatus
equinus
vulgaris

Triodontopfiorus
brevicauda. . .

.

minor
serratus
tenuicollis

Gyalocepkalus
capitatus

Oesopliagodontus
robustus

Cylicostomum
tetracanthum . .

labrutum
labiatum
coronatum

alveatum
catinatum
pateratum
goldi

radiatum
elongatum
insigne
adersi
nassatum
auriculaturn . . .

calicatum
minutum
longibursatum

.

poculatum
asymetricurn. .

.

bicoronatum . .

.

euproctus
ihlei

ultrajectinum.

.

brevicapsulatum

Voteriostomum
imparidentatum
ratzii

Craterostomum
mucronatum. .

.

Oxyuris
egui

Trobstmayria
vivipara

Setaria
equina

Didyocaulus
amfieldi

Eabronema
muscat

1

1 3 1

6

1

1

9 6 3

1

16

1

1

2 2 1 —

1

—— —

1

————
1 4 5

2
1 1

1

1

7

2

61 2

1 27 +

7 +

6

34 5

1

1

4

120

3

—
1

5

2

14

10
1

2

1

i

38 + i 1 . 9

51

3

3 1

1

1

i

i 1

14

+
4 +
7 +

i

81 a
1

3
4

1

134

4

2

18

——

1

—
1

2

—— —

1

37

2

——
10
15

i

1

10 1 i

—

1

10 6 1 3 — — -
23 2

—
+ +



707

No. V.

IN THE PELVIC FLEXURE

June July Aug. Sept. Oct.
Feb.,

1917.
Dec.

8
58
M

8
59
H

29
36
H

1

37
D

1

38
D

12
39
D

18
40
H

20
41
H

20
42
H

21
43
H

22
44
H

25
46
H

27
47
H

19
60
H

19
61
H

21
49
D

29
50
D

30
51
D

13
52
D

62
H

17
53
H

18
54
D

19
55
D

— 1

1

1

1

1
+
+

1 4 11 4
1

1 2

19

5

1

1

1

4

2 3
2

+ 7 3 1

2

4

1

18

1

3
7 i CO

4

1

5

4

50
+

1 9

1

1
3

1
5

i «

1

3

1

7
1 1 19 1 6 2

1

106
2
1 i

—
5
9

2 —
3

1 —
2

+
4 1

1

1 — 1 ’! i

15 4 6 25 1 18 1 4 4



708

Table

TABLE OF OCCURRENCE

Collected

Date
Bottle number.

.

Animal

Strongylus
edentatus
equinus
vulgaris

Triodontophorus
brevicauda . . .

.

minor
serratus
tenuicollis

Gyalocephalus
capitatus

Gesophagodontus
robustus

Gylicostomum
letrucanthum .

labratum
labiatum
coronatum. . .

.

alveatum
catinatum
pateratum
goldi

radiatum
elongatum
insigne
adersi
nassatum
auriculatum . .

.

ealicatum
minutum
longibursatum

.

poculatum
asymetricum..

.

bicoronatum . .

.

euproctus
ihlei

ultrajedinum.

.

brevicapsulatum

Poteriostomum
imparidentatum
ratzii

Grateroslomum
mucronatum. .

.

Oxyuris
equi.

Probslmayria
vivipara

Setaria
equina.

Dictyoeaulut
arnfieldi

Habronemu
rauscae

Feb.,
1916.

March April May

5 22 18 21 22 23 24 27 27 6 6 8 8 29 1 3 4 12 17 23 24
O.L.422 1 3 5 7 9 10 11 12 15 14 16 19 57 34 56 18 20 21 30 31
D H H H H H H H H H M M H H H H H H H H M

2 2

3 3 3 7 11 10 2 5 2 4 1

1 39 2 35 2 22 24 1

i 2

1

1
2 19 1

2 38

1 i 39 9 3 1 1
4

1 19 9 00 11 00 2 130

7 43 2 2 5
5

1 1 1 9 3 1 2 1 + 1 2

2 1 6 3
-

2 1 11
8 1 1 12 1 1

93 1 1 36 00 00 00 00
‘5 3 + 15 00 15 1

2 15 1 1

7
9 37
1

7

1 2
5 2 2 1

4 1 4

10 1 9 9 3 2 1

For bottles 16 and 37 the large number of C. goldi and C. longibursatum , as well as the general fauna
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No. VI.

IN THE DORSAL COLON.

June July Aug. Sept. Oct.
Feb.,

1917.
Dec.

8
58
M

8
59
H

29
36
H

1
37
D

1

38
D

12
39
D

18
40
H

20
41
H

20
42
H

21
43
H

22
44
H

25
46
H

27
47
H

19
60
H

19
61
H

21
49
D

29
50
D

30
51
D

13
52
D

62
H

17
53
H

18
54
D

19
55
D

2
1 1

10
1

— 14 150
1

4

CD
19
1

1
86 1

1

15
1

3 5

4

1

8 1

1 —

1
44
28
3

10

3
1

00
2
2
1

37
1

1
1

3 1

4

2

2 1

35 1 GO

2

4

96
2

1

5
50

1

—
17

14

1

2

1

1 4

1

1

1

1

3
5

1
1

7 12

1

1

—
1

1

—
1

2
2

12

. 1 — — 1
1

2

2 + 5 — 7 12 00 6

—

present, suggest that the labels of the ventral and the dorsal colon have beon interchanged.
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Table No. VII.

TABLE SHOWING GEOGRAPHICAL DISTRIBUTION OF THE EQUINE STRONGYLIDS.

Egypt

j
(Looss).

South Africa.

W.

Africa

(Yorke

&

Macfle).
Belgian-

Congo

(Gedoelst).

E

Africa

(Blgr.).

i

India
(Smit

Blgr.).

Australia.

Canada

(Ransom

&

Hadwen).

U.S.A.

(Yorke

&

Macfle).

England
(Leiper

&

Blgr.).

Holland

(Ihle).

% 0

So
wS

Strongylus
asini +
edentatus + ° + + + + + + + + +
equinus + + + + + + + + +
vulgaris + ° + + + + + + + + +

Triodontophorus
brevicauda + + + + + +
intermedius + + + + + + + +
minor + + + + + +
serratus + + + + + +
tenuicollis + + + + +

Gyalocephalus
capitatus + + + + + + +

Oesophagodontus
robustus + + + + +

Cylicostomum
tetracanthum + ° + + +
labratum + + + + + +
labiatum + + + + + + +

var. digitatum + +
sagittatum +
coronatum + ° + + + + + + + + +
ornabum +

alveatum + 0 + + +
catinatum + ° + + +

var. pseudocatinatum. + + + + +
var. litoraureum +

pateratum + + + + +
goldi. + + + + + + +
mettami 4-

mdiatum + ° + + + +
triramosum +
elongatum + ° + + + + + +

var. Tiotldni + + +
itisigne + + + + •+ + +
adersi + +
nassatum + ° + + + 4* + + +

var. parvum + + + +
leptostomum + + +
auriculatum + ° + + +

calicatum + ° + + + + + + + +
minutum + + + + +
longibursalum 4- + 4- + + +
hybridum +
poculatum + ° + + + + + + + + +
usymetricum +

bicoronalum + ° + + + + + + +
euproctus + + +
ihlei + + +
ultrajectinum + +

brevicapsulatum + +
prionodes +

mortigomeryi +

Poteriostomum
imparidentatum + + + +
ratzii + + + +

var. nanum +

C'ralerostomum
mucronatum + +
aeuticaudatum +
tennicauda +

a Previously reported by Gough.
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INDEX OF SYNONYMS.

Cyatliostomum See

Cylichnostomum

Cylicostomwm—
acuticaudatum
calicatum var. minus
calicatiforme

cymatostomum
dongatum var. macrobursatum .

.

mucronatum
nanum
pseudocatinat urn

ratzii

tridentatum

zebrae (Boulenger)

zebrae (Turner)

Dermofilaria irritans

Filaria—
equi

megastoma
microstoma
muscae
papillosa

stomoxeos

Gordius equinus

Gyalocephalus equi

Hamularia

Hexodontoslomum marleusi

Cylicostomum.

Cylicostomum.

Craterostom urn ac uticaudatu m.
Cylicostomum minutum.

,, longibursatum.

,, pateratum.

,, dongatum var. Kolian\
Craterostonnum mucronatum.
Cylicostomum longibursaturn.

,, catinatum var. pseudocatinatum
Poteriostomum ratzii.

Cylicostomum goldi.

„ insigne.

Poteriostomum imparidentatum.

Habronema muscae.

Setaria equina.

Habronema megastoma.

,, microstoma.

,, muscae.

Setaria equina.

Habronema muscae.

„ Setaria equina.

„ Gyalocephalus capiiatus.

„ Setaria equina.

„ Poteriostomum imparidentatum.

Oxyuris—
curvula

mastigoides

Poteriostomum pluridentatum. .

.

Pseudosclerostomum securiferum

Pterocephalus

Sclerostoma quadridenketum. . . .

Sclerostomu rn—
armatum
bidentatum
equinum
robustum
vulgare

Spiroplera—
rnegastcyma

microstoma
sexalata

strongylina suis labiala....

Strongylus—
arrnatus

neglectus

quadridentatum
tenuisaimus

tetracanthus

Trichonema arcuatu

Triodontus

Triodontophorus intermedins. . .

.

,, Oxyuris equi.

„ Poteriostomum imparidentatum.

,, Oesophagodontus robustus.

,, Crossocephalus.

,, Cylicostomum tetracanthum.

„ Strongylus vulgaris.

„ ,, vulgaris.

,, „ equimts and edentatus.

„ Oesophagodontus robustus.

„ Strongylus vulgaris.

,, Habronema megastoma.

,, „ microstoma.

,, Physocephalus sexalatus.

„ Strongylus equinus.

„ Trichostrongylus axei.

,, Cylicostomum tetracanthum.

„ footnote, page C>18 .

,, Triodontophorus.

„ Triodontophorus serrolus,
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EXPLANATION OF PLATES.

Reference Letters.

A = Anterior extremity, lateral view.

B = Head, dorsal view.

C = Posterior extremity of male, lateral view.

D = Posterior extremity of male, dorsal view.

E = Appendage of male genital cone.

F = Posterior extremity of female, lateral view.

G = Spicule.

In each case the scale is indicated beside the drawing.
Head.

c. p.

d. g.

d. t.

e. l.c.

e.m.ca. =
e.p.

Ll.c. =
l. p. =
m. ca. —
m. co. =
n. r. =
oe. =
oe.f. =
o. t. =
sm.p. =

Cervical papilla.

Dorsal gutter.

Dorsal tooth.

External leaf crown.
Extra-ehitinous support of the external leaf crown
Excretory pore.

Internal leaf crown.
Lateral papilla.

Wall of mouth capsule.

Mouth collar.

Nerve ring.

Oesophagus.
Oesophageal funnel.

Oesophageal tooth.

Submedian papilla.

Posterior Extremity [Male).

a.g.c. =
d.co. =
g.c. =

Appendages of genital cone.

Dermal collar.

Genital cone.

Rays.
d. = Dorsal or posterior ray.

dj = External branch of dorsal ray.

d 2 = Median branch of dorsal ray.

d 3 = Internal or main branch of dorsal ray.

d.e. = External branch of dorsal ray [Cylindropharynx).

d. i. = Internal branch of dorsal ray [Cylindropharynx).
e. d. = Externo-dorsal (postero-external) ray.

e.l. = Externo-lateral (antero-external) ray.

m.l. = Medio-lateral (anterior-median) ray.

p.l. = Postero -lateral (posterior-median) ray.

1.0. = Latero-ventral ray 7 , , .

v.v. = Ventro -ventral ray /
Antenor rays '

pb.p. = Prebursal papilla,

d.l. = Dorsal lobe of bursa.

1.1. = Lateral lobe of bursa.

Posterior Extremity [Female).

a. = Anus,
ut. = Uterus,

v. = Vulva,
vg. = Vagina.

Plate I Strongylus equinus.

A not quite lateral view.

Plate II Strongylus edentatus.

Plate III Strongylus vulgaris.

Plate IV Strongylus asini, after Boulenger.
A, B and D x 37.

Plate V Cylieostomum tetracanthum.

Plate VI Cylieostomum labratum.

Plate VII Cylieostomum ornatum, after Katlan.
B : Ocular, 4 ;

objective, la.

D : Ocular, 5 ;
objective, 3.

E : Ocular, 2 ;
objective, la.
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Plate VIII

Plate IX
Plate X..

Hate XI..

Plate XII

Plate XIII

Plate XIV.
Plate XV..
Plate XVI.

Plate XVII.
Plate XVIII
Plate XIX..

Plate XX. . .

.

Plate XXI. .

.

Plate XXII . .

.

Plate XXIII..
Plate XXIV..
Plate XXV...
Plate XXVI..
Plate XXVII.
Plate XXVIII,
Plate XXIX..

Plate XXX.

Plate XXXI.
Plate XXXII

Plate XXXIII....

Plate XXXIV. . .

.

Plate XXXV
Plate XXXVI. . .

.

Plate XXXVII...
Plate XXXVIII .

.

Plate XXXIX... .

Plate XL
Plate XLI

Cylicoslomum labiatum.

Ej : Genital appendage, lateral view.

E 2 : Genital appendage, ventral view.
E

3 : Genital appendage, variety digitatum.

Cylicostomum coronatum.

Cylicostomum hybridum, after Kotlan.
Bj, Ej : 4 ocular, 7a objective ; 135 tube length.

C : 4 ocular, 3 objective.

Fj : 4 ocular, 3 objective.

Cylicostomum sagittatum, after Kotlan.
B : 2 ocular, 4 objective.

D x 50.

E x 140.

F x 100.

Cylicostomum alveatum.

Cylicostomum pseudocatinatum.
Ej : Genital cone, appendage of C. catinatum, after Looss.

E, : C. pseudocatinatum, after Yorke and Macfie.

Eg : C. catinatum var. literaureum, after Yorke and Macfie.

E 4 : C. pseudocatinatum, after Boulenger.

Cylicostomum pateratum.

Ej X 360, after Yorke and Macfie.

Cylicostomum goldi.

Cylicostomum radiatum.

Cylicostomum triramasum.

C and D x 90, after Yorke and Macfie.

E x 360, after Yorke and Macfie.

Cylicostomum montgomeryi.

A 1 and B 1 X 360, after Boulenger.

Cylicostomum elongatum var. Kotlani.

Cylicostomum insigne.

Cylicostomum adersi.

Fj : Posterior extremity (female), ventral view.

E
x X 280, after Boulenger.

Cylicostomum nassatum var. parvum.
Cylicostomum leptostomum.

Cylicostomum auriculatum.

Cylicostomum calicatum.

Cylicostomum minutum.
Cylicostomum longibursatum.

Cylicostomum poculatum.

Cylicostomum asymetricum.

Cylicoslomum bicoronatum.

Cylicostomum euproctus.

C 1
: Posterior extremity, with genital cone retracted.

Cylicostomum ihlei.

C 1 and D 1 x 90, after Kotlan.

E 1 X 180, after Kotlan.

Cylicostomum ultrajectinum.

Cylicostomum brevicapsulatum.

C X 87 ( X | ), after Ihle.

D X 110 (X f), after Ihle.

E x 640 ( X § ), after Ihle.

Cylicostomum prionodes.

Aj x 345, after Kotlan.
Fj X 90, after Kotlan.

Oesophagodontus robustus.

C 1 and D 1
, after Boulenger.

Poteriostomum imparidentatum.
Poteriostomum ratzii.

Poteriostomum ratzii var. nanum
Craterostomum mucronatum.
Gyalocephalus capitatus.

B 1
: ventral view.

'

Triodontophorus minor.

Triodontophorus serratus.

Triodontophorus brevicauda.
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Plate XLII Triodontophorus tenuicollis.

Plate XLIII Cylindropharynx brevicauda.

C, D, F.

Cylindropharynx longicauda.

C l
,
F 1

.

Cylindropharynx rhodesiensis.

C2
, F 2

.

F 2 X 45, after Yorke and Macfie.

Plate XLIV Cylindropharynx intermedia.

Plate XLV Trichostrongylus axei.

C, after Travassos, after Cobbold.
Dictyocaulus arnfieldi.

Plate XLVI

Plate XLVII
and

Plate XLVIII.

Plate XLIX

Plate L.

Ascaris zebrae, after Sckrijabin.

a : Portion of cuticle at caudal end showing lateral and
subventral papilla,

b : Dorsal lip.

c : Tail showing arrangement of papille.

Crossocephalus viviparus (zebrae).

A : Anterior extremity, lateral view, mouth closed.

B : Anterior extremity, dorsal view, mouth everted.

B l
: Anterior extremity, ventral view, mouth partly everted.

B 2
: Anterior extremity, ventral view, mouth closed.

H : Excretory pore.

K 1
: Head of C. zebrae, viewed from in front, after Yorke

and Southwell.

K 2
: Head of C. viviparus, viewed from in front, after Gedoelst.

a : Lateral papilla.

b : Submedian papilla.

c : Papilla on middle of each lip.

d : Paired papillae.

b.m. : Muscles of mouth parts.

.

l. : Pectinated laminae.

Probstmayria vivipara, after Ransom.
Fig. 1 : Lateral view of male X 54.

Fig. 2 : Lateral view of posterior end of male, showing spicules,

postanal papillae, vas deferens and cloaca x 190.

Fig. 3 : Dorsal view, anterior end, showing dorsal lips with
their papillae X 400.

Fig. 4 : Optical horizontal section, anterior end, showing
lateral lips, the lateral organs, pharynx, and
oesophagus x 400.

Fig. 5 : Lateral view of anterior end, showing lateral lip, lateral

organ, dorsal and ventral lips, and papillae x 400.

Fig. 6 : Lateral view of immature form in which the genital

organs are not yet developed X 54.

Fig. 7 : Lateral view of young female, showing an egg in one
horn of the uterus X 54.

Fig. 8 : Lateral view of paturient female with uterus containing
a well-developed embryo, a second loss-developed

embryo, and two eggs x 54.

Oxyuris equi.

A : Anterior extremity, larva,

b.ph. : Bulbus pharyngis.

.

ph. : Corpus pharyngis.

l.c. : Lateral cells.

Setaria equina.

Lettering to llabronema Plates.

D = Ventral view, posterior extremity, male

G = Region of vulva of female.

Head.
1.1. = Lateral lip.

ph. = Pharynx,
sm.l. = Submedian lip.

sm.p. = Submodian papilla.

t. = Pharyngeal tooth or tridentato process
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Male.

a. =
c.p. =
g- =
l.s. =
r.s. =

Female.

ut. =
v. =
ves. =

-late LI . .

.

Plate LI I.

.

Plate LIII

Plate LIV.

Plate LV.

.

Anus.
Unpaired papilla, situated on upper lip of cloaca.

Gubernaculum.
Left spicule.

Right spicule.

Anus.
Sphincter
Uterus.

Vulva.
Vestibule.

Habronema muscae.

C = Lateral view, showing preanal and adanal papillae of right

side only
;
and postanal papillae of right and left side.

Habronema megastoma.
Habronema microstoma.

C = Lateral view, showing preanal papillae on left side only,

and postanal of left and right side.

Habronema zebrae.

C = Showing preanal papillae of left side only, and postanal

papillae of right and left side.

Physocephalus sexalatus, after Foster.

c.cut.inf. = Cervical cuticular inflation.

c.p. = Cervical papilla.

ex.p. = Excretory pore.

lab.p. = Labial papillae.

l.b.w. = Left bursal wing.

l.c.w. = Lateral cuticular wing.

r.b w. = Right bursal wing.
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Stroiigylus

equinus.
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Plate

11,

Strongylus

edentatus,
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Plate
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.
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tetracaivbkum.
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Plate

VI.

Cylicostomum

labratum.
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Plate

VII.

Cylicostomum

ornatum.

(After

Kotl&n.)
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Plate

X.

Cylieostomum

sagittatum.

(B,

D,

E,

F.,

after

Kotlan.)

Cylicostomuni

hybridum.

(B
1 ,
C
1

,
E
1
,
F
1

.,

after

Kotlan.)
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Cylicostomum

alveatum.
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Cylicostomum

pateratum.

(Fig.

E
1

after

Yorke

and

Macfie.)



732

Plate

XIV.

Cylicostomum

goldi.
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Plate

XVI.

(’iilicodomuM

tnranwmm.

(Figs.

A.

B,

C,

D.

E.

F.

Fig.

E.

X

200.

Figs.

C,

D
X

50

after

Yorke

and

Macfie.)

Cylicostomum

montgumeryi.

(Figs.

A
1

.

B
1 .

after

Boulenger.)
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Plate

XVIII.

Cylicostom

um

insigne.
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Plate

XIX.

Cylicostomum

adersi.

(Fig.

E
1

after

Boulenger.)
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Plate

XX.

Cijlieostoiiivm

nasmtwm

var.

parvum.
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Plate

XXI.

CijlicostomAim

leptostommn
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Plate

XXII.

Cylicostonmm

auriculatvm.
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Plate

XX

II
I.

Cylicostomum

calicatum.
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Plate

XXV.

Cylicostonmm

lorujibursatv/m.
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Plate

XXVII.

Cylicostomum

asymetricvmi.
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Plate

XXX.

Cylicostomum

ihlei.

(Figs.

C
1 ,
D
1 ,
E'

after

Kotlan.)



749

TYQOt

Plate

XXXI.

Oylicmtomum

ultrajectvnum.
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Plate.

XXXII.

Cylicostomum

brevicapsulatum

.

(Figs.

C.

D,

and

E

after

Ihle.)

Cylicostonwm

prionodes.

(Figs.

A
1

and

F
1

after

i

Kotl&n).
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Piute

XXXI

11.

Oesophagodontus

rolmstvs.

(Figs.

C
1

and

I)

1

after

Boulenger.)
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Poteriostomum

imparidentatum.
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Plate

XXXV

Poterimt.amum

rat
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XXXVI.
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ratzii

var.
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Plate

XXXVII

Oraterostmmnn

mucronatum.
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Plate

XXXIX.

Tr'wdontujjhorm

mmol',
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Plate,

XL.

Inodontvphorus

serratuss.
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Plate
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(Figs.

C,

D,

F.)

Cylindropharynx

longicauda.

(Figs.

C’,

F
1
.)

Cylindropli

a
rynx

rhvdesiensii.

(Figs.

C
2
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F*.

Fig.

F
2

after

Yorke

and

Macfie.)
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Plate

XL1Y.

Cylindt'opharynx

intermedia,
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sp.
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Plate

XLY.

Trichostrongylm

axei.

(Fig

C

after

Travassos

after

Cobbold.)

Diet

i/ocaulits

arnfieldi.

(Figs.

A
-f-

D.)
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Plate

XLVIII.

G'rosxocephalux

zebrae.
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Plate

XLIX.

Probxt

mayria

rieijiara.

(Figs.

1-8

after

Ransom.)

Oxyuris

eqvi.

(Fig.

A.)
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Plate
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Note on the Composition of various Samples
of Arsenite of Soda.

By J. P. van Zyl, B.A., Ph.D.j Research .Officer, Onderstepoort.

As is well known, t lie basic ingredient of all compositions intended
for dipping against ticks is arsenic in the form of arsenite. For
arsenic in the oxidized form (arsenate) it is generally accepted on the
strength of certain tests by Laws (1) that the tickicidal value is only
about 50 per cent, of that of arsenite. In view of the fact that oxida-
tion in dipping tanks may sometimes be pronounced (1a), it would
seem advisable that the relative value of arsenate as a dip be estab-

lished more definitely. Other forms of arsenic, which are generally
relatively insoluble, such as white arsenic, have practically no value
for direct use in a dipping mixture. The farmer need therefore

concern himself only with such arsenites as are known to be easily

soluble in water, commonest and cheapest of which are the arsenites

of soda. Several compounds between white arsenic and soda (and
water) are chemically possible, so that sodium arsenites having a

widely different arsenic-content may appear on the commercial market.

In Soiith Africa it has become the custom to specify
“

80 per
cent, arsenite ” for dipping purposes, i.e. a compound containing
80 per cent. AsaOs

should- be used and the formula for 1 making up a
particular dip is based on this 80 per cent. Asa0 3-content. Probably
a majority of farmers buy arsenite of soda and make up the dipping-
fluid themselves, instead of buying a proprietary dip.

About two to three years ago complaints about the efficacy of

various brands of arsenite of soda were reaching this Division from
time to time, so much so that it was deemed necessary .to analyse a fair

number of representative samples; more especially since it was thought
possible that in some cases a low As20 3-content might be the cause of

ihe trouble (2).

To ensure maximum solubility a representative subsample was
ground up finely in an ordinary mortar, in some cases a second
grinding in an agate mortar following. Three methods of solution

were tried, but it was soon apparent that* in general, boiling up with
water alone was sufficient. In some cases the available, samples were
small and there is no certainty that they were truly representative.
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SeveraJ samples were liand-picked or sifted and the portions analysed
separately. Amongst others the following results were got :

—
Table I.

Arsenite Examined.

Found in solution by boiling with
large quantity

r
'

Water. Dilute H 2S0,.
Dilute
NaOH.

No. Origin. Brand. ltemarks. As 20 3 . Na 20. As 20 3 .

Total
As 20 3 .

As.O,.

1 South Africa C.M. Fine powder, white
%
810 H

/0

4 81° 5 81°5 78-0
2 n Very hard and lumpy 770 100 79-5 — —
2A ” ” White, fused lumps

;

± 10 per cent, of
lumpy portion

38-5 9-2

2b ” Dark porous lumps
;

± 90 per cent, of
lumpy portion

82-5 14 1

3 C.E. Fine, dark 800 15-9 80-5 80-5 —
4 ” » Fine, with 10 per cent,

lumps
78-5 161

4A Lumps only 77-5 — — — —
5 M. Dark and lumpy 750 9-7 770 — —
5a Fine material only 75-5 9-6 — — 73 • 5

5b Lumps only 710 9-8 — — 75-0

6 K. Only few lumps 77-5 11-9 — —
7 M.D. Fairly fine and white 77-0 15-3 77-0 77-0 75-0

8 England ? “ High-grade,” fine 79-5 8-6 80-0 80-0 78-0

9 Sh. Fine, white 78-0 13-9 — — —
10 ? Fairly fine 730 14-9 73 0 — —
11 St. Fairly fine 810 8-8 81-0 — —
12 Australia V. Lumpy and dark 76 0 15-0 76-5 77 0 —
13 Very lumpy 76 0 13-9 — — —
13a Only fine material 78 5 — 78-5 79 0 77 0

14 ? ? Dark and lumpy 71-0 11-9 — — —
15 9 9 Very fine 83-0 10-

1

— — —
16 9 9 Pebbles only 74-0 116 75-0 — —
17 ? ? Fine, with few lumps 79-5 9-7 — —
18a Imported Pasty ;

top of tin 68-5 69-5 78-5 —• •

18b Pasty ;
bottom of tin 70-0 10 1 71-5 76 • 0 —

19 ” -- Bought by farmer for

arsenite

— 0-2 08*5

20 Australia Dark and lumpy 72-0 14-5

Excluding the case where white arsenic had been supplied to the

fanner for arsenite of soda, and the case where some of the arsenite

had obviously been fused and become very insoluble, it is seen that

the As20 3
-content still varied between rather wide limits, viz. : 08.

5

to 80 pei cent. Only in one sample was there marked oxidation, the

material in this case being put up in a more or less pasty form in

a tin (not perfectly airtight, however). Although a variation of

1 or 2 per cent, from the usual commercial standard may be con-

sidered as unimportant, it would still seem advisable to demand more
uniformity, so that the farmer may he sure of getting a product

which would give at least 78 per cent. As 20 3 when dissolved in boiling

water (3).

Although we do hot yet know the full significance -of the Na 2
0-

content, there seems little doubt that it has a bearing on the

suitability of the product for dipping purposes. Certain experiments

in this connection have so far shown definitely that a low soda con-

tent means a less soluble material and that arsenites containing only

about 10 per cent. Na 20 rapidly settle out of a hot concentrated

solution on cooling, at the same time breaking up, sometimes

markedly, into the insoluble As s
0

3 . As it seems possible that the



efficacy of a dipping fluid may be due, in part at least, to the effect

of the concentrated solution formed on the hides of the dipped animals
when drying, it seems advisable to. use only products which will not

separate out too soon and thus be removed from the sphere of action

on concentration of the solution. It is noteworthy that, in several

cases, arsenite reported on adversely by farmers had an Na20-content
of only 8 to 9 per cent., and that hot solutions prepared from these

samples gave deposits of arsenite or As20 3 at about 10 per cent,

concentration
;
whereas solutions prepared from arsenites of approxi-

mately 15 per cent. Na20-content were perfectly stable at 50 per

cent, concentration (4). For these reasons this Division is advising
firms to guarantee a soda content of about 15 per cent.

In the above table it is already indicated that the lumpy con-

dition of the product might have a marked effect on its solubility.

As the factor of solubility might conceivably be of even more
importance to the user than the variations in the chemical compo-
sition, a few tests in this connection were carried out. In practice

it cannot be expected of the farmer that he should more than coarsely

powder the arsenite or boil it up with more than about live times its

own weight of water, as his utensils, means, and time, are not

unlimited. In this laboratory the “ solubility test ” on arsenites is

carried out by heating the coarsely powdered sample (i.e. only lumps
over the size of a pea are broken up), mixed with four times its weig'ht

of water, to the boil, aud keeping it boiling for two minutes. Treated
in this way satisfactory samples should give at least 78 per cent. As 20 3

and 14 per cent. Na 20. Firms are advised by this Division to guarantee
a suitable standard of

“
solubility ” and “ fineness.” Some examples

of
(i

suitable ” and “ unsuitable ” arsenites on the South African
market are* given in Table II.

Table II

.

Found in solution, 5 gm. to the litre, prepared by

Arsenite

Boiling two minutes
with 20 e.e. water.

Boiling
five minutes
with 100 e.e.

water.

Shaking ten
times din ing
three hours
with 1 litre

water.

Origin. Brand. Remarks.
As,0 3 . Na20. AsjOj. As,O a .

South Africa C.E. Fine material
%
810

%
14-9

%
81*0

%
80 '8

C.M.
Lumps only 79-2 141 79-2 79-4

Fine Material 81-0 14-3 8) -6 80 '8

Lumps only.* 75-2 13-0 79 (i 72-4 1

M. Fine material* 76-8 11 '2 78 (i 77 '6

Lumps only* 71-6 90 74-2 67-4

M.D. Fine material 78-0 16 0 78-2 78-4

V. Fine material* 78-6 13-3 79-8 78-6

England
Lumps only* 75-0 13-5 76-6 73-6

St. Fine material* 80-8 8-8 81-0 78 '6

* These samples are therefore not very suitable.

A warning must here be uttered against the practice of adding

the solid arsenite. straight away to the tank; or even of adding the

residue which remains after a single short boiling to the tank. For
it seems quite possible that animals which are put through such it

tank may retain on their bodies a coating of undissolved particles,

40
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which will tend to dissolve (partly under the influence of the. body-
heat of the animals) in the moisture draining from the skin and
collecting at certain spots on the lower parts of the body. Here a veiy
concentrated solution might thus be produced, which could easily

cause local “ scalding.” On the other hand, tanks to which undis-
solved arsenite is added indiscriminately are liable to become stronger
as time goes on, so that if a proper control is not maintained by
regular testing, the dip might become, seriously over-strength. The
writer has actually met with certain cases of scalding which, in his

opinion, must he put down to the addition of undissolved arsenite in

large qu ntities; just as on the other hand he has met with cases where
the dipping-fluid was much too weak for a period because tiie

arsenite had been added before being properly dissolved.

LITERATURE.

(1) Laws, S.A. Agric. Journal, 5: 915 (1913).

(1a) Van Zijl, this volume, p.p. 797-808.

(2) Williams, S.A. Agric. Journ. 8: 17 (1914) has found variations in As,0,

—

content between 51 and 82.6 per cent.

(3) Since this work was carried out, Government regulation 1451 (1921),

requiring firms to specify the composition of the- arsenite of soda sold

for dipping purposes, has appeared.

(4) Anderson, Dept. Agric. S.A., Sc. Bull 15: 4 (1920) mentions similar

observations.
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On the Determination of Arsenic, chiefly in

Dipwashes.

By J. P. van Zyl, B.A., Ph.D., Research Officer, Onderstepoort.

Object.—In connection with certain work upon the field control

of arsenical dips used for tick eradication in the Union, the writer

had occasion to work through a number of methods use,d for the
determination of arsenic. The methods of Chapin for arsenite (1) and
arsenate (2) were examined by Green in the Onderstepoort Labora-
tories at the time of their publication, and with trivial modifications

have been in constant use for several years. This easy and rapid
method for arsenate, however, does not seem to be so widely known
as it deserves to be, and the following comparison with better known
textbook methods [such as the iodide reduction method of Williamson

(3)] may therefore be of interest. At the same time the general
method of Ewins (4) for total arsenic, and the easy but little-known
micro-titration method of Green (5) for small quantities of arsenic

were subjected to trial on known solutions.

First Series of Tests.

Solutions Analysed.

A standard solution was prepared by dissolving a known quantity
of chemically pure white arsenic (Merck’s Reagent) in a solution of

sodium carbonate, acidifying with sulphuric acid, neutralizing with
sodium bicarbonate and diluting to a definite bulk (6). Portions of

this basal solution were then further diluted down after incorporation
of the substances specified below', so as to give a set of solutions
identical in arsenic content, but differing with respect to some other
ingredient :

—
A. Arsenite Solution only.—Theoretically the arsenical strength

of these solutions was 15.8 mg. As 203 per 10 c.c. of
solution, equal to 10.05 c.c. of the standard iodine used for
titration.

B. Arsenite Solution containing Phenol.—l gramme phenol
in 500 c.c.

C. Arsenite Solution containing Soap.—1 gramme of soft soap
in 500 c.c.

13. Arsenite Solution containing Tar.—2 grammes Stockholm
tar emulsified with l gramme caustic soda in 500 c.c.

E. Arsenite Solution containing Paraffin.—2\ c.c. paraffin

emulsified with 1 gramme caustic soda in 500 c.c.

E. Arsenite Solution containing Soil.—121 grammes of a finely

ground and sifted clay soil and 1 c.c. strong ammonia in

500 c.c.

G. Arsenite Solution containing Dung

.

—71 grammes dried and
ground cattle dung and 1 c.c. strong ammonia in 500 c.c.
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Methods Compared.

The methods of analysis applied were:—
1. Direct Titration

[
Mohr’s Method (7)].—The sample, whether

clear or dirty, was titrated in the ordinary way with standard
iodine to the blue starch end-point. The, solutions Avere shaken
up well prior to taking the aliquot for analysis. The dark-
coloured samples were diluted down considerably to' bring out
the starch end-point better. The alkaline solutions were first

neutralized, and all the solutions then treated with a similar
large excess of so-called “ dip-testing powder ” (a mixture of

sodium bicarbonate and magnesium sulphate) instead of with the
ordinary plain sodium, bicarbonate.

2. Method of Chapin-Green.—To about 100 c.c. of the solution to

be analysed, whether dirty or already sufficiently clear, was added
a small spoonful (about 1 gm.) of good quality fine animal
charcoal, and 1 c.c. of concentrated H 2S0,. After heating and
filtering, a fairly clear solution was obtained, an aliquot of which
could then be titrated with iodine without difficulty in the
ordinary way (after neutralizing), a good starch end-point
resulting.

3. E wins' Method.—In this method any disturbing organic material
is first destroyed by wet combustion after Kjeldahl. The addition
of a little starch prior to’ combustion effects the reduction of any
arsenate present to arsenite, so that alter neutralization of the

clear combustion residue, the arsenic may be. determined by
straightforward iodine titration to the blue starch end point.

4. Watkins-Pitchford’s “Isometer ” Method (8).-—This method was
devised for the rapid field control of arsenical dip-Avashes. The
main features are :—No clarification of dark-coloured dip-washes,,

the addition of the dip to the iodine, the use of “ precipitating

powder ” for alkalinizing the dip and at the same time “ precipi-

tating out ” any soap, the determination of the end -point by
means of starch paper. The solution to be tested was treated

with the precipitating powder, and then poured into the

measured quantity of standard iodine solution in the graduated
“ isometer ” till, after shaking, no blue colour Avas deAmloped on
starch paper moistened with the mixture.

5. The Burette-Isometer Method.—This modification was tried with
the object of eliminating any possible errors in the ordinary

isome.ter method, due to the difficulty in reading off the \-olumes

of iodine and added dip-Avash accurately. The arsenical fluid,

after mixing with the powder, Avas allowed to settle out and then
poured through a filter into a burette, whence it was run into the

isometer tube containing iodine solution previously measured
out from a burette. The end-point was indicated by starch paper.

6. Method of Chapin-Green for Total Arsenic.—Although no
arsenate had been put into the original solution, it was thought
advisable to include several methods for

“
total arsenic,” in case

slight oxidation had taken place. In general it was, however,

expected to obtain identical results with these methods as with

those for arsenite only. To an aliquot of the clarified solution

obtained in method 2, are added about 5 c.c. of decinormal
thiosulphate and ±2 c.c. normal acid. After three to five

minutes all the arsenate will be reduced to arsenite, the excess



thiosulphate can then be removed (in the acid solution) by standard
iodine, and, after alkaiinizing with excess bicarbonate the “ total

arsenic ” can be titrated in the ordinary way with standard
iodine to the starch end-point. This final end-point is very often

evanescent, but can nevertheless be estimated, after some experi-

ence, with reasonable accuracy.
7. Standard Method of Williamson for Total Arsenic.—As it was

considered likely that the organic matter and soil introduced into

some of t Ire solutions might interfere with the sharp determin-
ation of the end-point, the clear solutions obtained by clarification

under method 2 were used here. To reduce the arsenate, 2 to 3

gm. potassium iodide, 10 c.e. 50 per cent. H^SO.*, and just

sufficient water to prevent any precipitation were used. After
about 10 minutes on the steambath the solutions were cooled,

the liberated iodine removed with thiosulphate (in the acid
solution without indicator) the solution barely neutralized with
sodium carbonate, slightly acidified, alkalinized with excess

bicarbonate, somewhat diluted and titrated in the presence of

starch paste with standard iodine. It might here be noted that
in the experience of the writer, a high result for arsenic is

obtained if the solution, to which thiosulphate has been added,
is neutralized with NaOII or, while still warm, with a large
excess of JSh,C'0 3 . If, however, the solution is well-cooled, a
large excess of Na 2C0 3 avoided and the determination completed
without undue delay, correct results are obtained. Chapin has
recorded similar observations (9).

8. Dry Combustion with Magnesium Nitrate and Reduction after
Chapin.—Ashing with Mg(N0 3 ) 2 has been found by Green in

this laboratory to be usually preferable to other methods of com-
bustion, a white ash, soluble in sulphuric acid, being obtained
with relative ease. The arsenical solution was mixed with
Mg(N0 3 ) 2 solution, evaporated to dryness, muffled at a moderate
temperature, extracted with hot dilute H 3S0 4 , reduced with
thiosulphate and titrated with iodine as in method fi.

9. Dry Combustion and Micro-titration after Green.—This method
was devised by Green specially for the determination of small
quantities of arsenic, in the neighbourhood of 1 or 2 mg., in

organic material such as stomach contents, urine, liver, etc.,

and was not intended for dipping fluid. However, it was thought
of interest to have a few comparative values by this method as

well. The combustion and extraction was done in the same way
as under 8. An aliquot of the filtered extract, corresponding
to about 3 mg. As 20 3 ,

was added to + 10 gm. As—free zinc

contained in an Erlenmeyer fitted with, a thistle-funnel and con-
nected to a series of absorbing tubes, the first one containing
lead acetate (for absorbing any H 2 S) and the others dilute silver

nitrate. Moderately dilute sulphuric acid, along with a tew
c.c. very dilute platinic chloride, was then added through tiie

funnel in quantity sufficient to maintain a rapid evolution of

gas. The reaction was stopped after twenty minutes, when prac-
tically all the arsenic had been driven over as AsH3 , to be retained
in the AgNO, tubes. The arsenic was then determined by
titration with very dilute iodine in the presence of a pinch of

bicarbonate and an excess of KI, the end-point with starch being
a permanent reddish-violet.
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Discussion of Results.

The results obtained are summarized in the following Table I,

being* expressed both in c.c. of standard iodine used per 10 c.c. of

solution and in percentage of the theoretical quantity of As 2Oj present
(fractions of percentages rounded off).
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On examining the results under method 1, it is seen that in four
cases theoretical results were obtained (a variation of 1 per cent,

being considered negligible), whereas in the case of the solution con-
taminated with a large quantity of soil, the result was decidedly
low, no doubt due to absorption of arsenic by the finer clay particles,

and in the cases where tar and dung respectively had been added,
the results were definitely too high, thus indicating that these sub-

stances had to a certain extent reacted with the iodine (10). In these

cases the end-point was evanescent, the blue colour with starch still

fading at 12 and 11 c.c. respectively. Apparently the addition of

small quantities of soap, paraffin, or pure phenol does not affect the

iodine reading appreciably.

Method 2 gave correct results in five cases, thus showing that the
loss of arsenic due to the process of clarification was practically

negligible (11). The low results in the cases where tar and soil had
been added were presumably primarily due to oxidation (12), although
in the case of solution F a slight retention of arsenic by the soil

particles seemed also likely. This view was substantiated by com-
parison with the figures for “ total arsenic ” obtained under methods
6 and 7.

The results obtained by Ewin’s method (No. 3) were fairly good for

the first five solutions. In the other two cases a dark colour developed
on titration with iodine before the end-point was reached, so that it was
impossible to fix the real end-point of the reaction. This was attributed

to incomplete combustion, although the combustion had apparently
been ended. This particular set of analyses was not repeated as the

method was under test in another set at the same time (Table II).

The possibility that in the presence of a large amount of soil material
the recovery of arsenic by this method might be incomplete, was,
however, specially investigated for the arsenate form of As20 3 ,

when
it was found that only 85 per cent, could be recovered on an average
in a set of determinations where 30 mgs. As,0 3 had been mixed with

1 gm. of fine clay soil. In the presence of much soil the combustion
is slow and troublesome.

Omitting from the discussion solution F as having undergone
marked oxidation, it was found that the ordinary '

‘ isometer
”

method, in common use for purposes of field control in the Union,
gave very fair figures in all cases except where tar and a large amount
of dung had been added. . As in the former case a certain amount
of oxidation had presumably taken place (about 9 per cent., cp. result

under method 2), it would appear that “ Stockholm ” tar increases
the consumption of iodine to such an extent as to indicate that the
use of this method is somewhat unreliable for arsenical preparations
of a similar nature. As for field control a margin of up to 10 per
cent, is sometimes allowed, the value for solution G just falls within
the limit for this purpose.

The values obtained by method 5 were throughout inclined to be
lower than the corresponding isometer values, this difference being
marked in cases I), G, and F, no doubt due to the removal by filtration

of the foreign substances reacting with iodine, or of some arsenic
loosely absorbed by the large amount of flocculated material.

Yerv good results were obtained throughout for
“

total arsenic
”

by both methods 6 and 7. In both cases the solutions under examin-
ation were first clarified, so that any differences between the two sets



of results were due entirely to the method of reduction employed.
Williamson’s method of reduction by KI and H,S0 4 is a well-known
standard method, and therefore the excellent results under column
7 were expected. Chapin’s method of reducing with thiosulphate,
on the other hand, has not yet been put to very extensive tests and
seems little-known as yet. Although its originator obtained good
results with it, he did not consider it justifiable to rank it as a
standard laboratory method (13). The results obtained here were
therefore extremely satisfactory, showing that, in spite of the slight

difficulty in fixing the end-point, the method is yet capable of giving
reliable results. On account of its simplicity and rapidity it is

eminently suitable for dip-washes. Solution F containing soil con-
tained after clarification only 97 per cent, of the theoretical quantity
of arsenic, showing definitely that some of the arsenic was so firmly
“ absorbed ” by the clay particles (chemically or otherwise) that the
treatment with 1 per cent. H 2S0 4 at steamheat did not suffice to bring
it all back into the solution. In the case of solutions 1) and G, the
slightly high results were, no doubt, due to a little residual disturbing
organic matter.

In method 8 high results were obtained in all cases. The reason
for this is at present not clear.

The somewhat low values obtained by method 9 were expected,
being in complete accordance with the results recorded by Green
himself m the original article, where he suggested a “ collection

curve ’ (14). The incomplete recovery of arsenic might be in part
due to its retention by the platinum f 15) ,

which it was found necessary
to add to the chemically pure zinc to ensure a rapid flow of gas;
partly also to the shortness of the reaction time (twenty minutes) or

to other causes (14).

Second Series of Tests.

More or less concurrently with the recorded tests, a series of

analyses was done on the following set of arsenical solutions:—
A. Freshly Prepared Cooper’s Dip-wash.—A 1 : 200 dilution

of “ Cooper’s Improved Cottle Dip ” was prepared with
tapwater, a dilution which, according to the manu-
facturers, should contain about .125 per cent. As 20 3 and
a somewhat lower percentage of mixed phenolic bodies.

This was taken as typical of cattle dips with a high
phenol ic concentration.

B. Freshly Prepared. St. O’Gorman Dip-wash.—A 1:300
dilution of “ St. O’Gorman Cattle Dip ” was prepared with
tapwater, a dilution which, according to the manu-
facturers, should contain about .160 per cent. As 20 3 and
a very small percentage of phenolic bodies.

C. Freshly Prepared, Arsenoda Dip-wash.—A 1:400 dilution

of “ Arsenoda Cattle Dip ”
(without Holmsol) was pre-

pared with tapwater, a dilution which supposedly con-

tained .160 per cent. As 20 3 and practically no phenolic

bodies.

D. A Very Dirty Field Sample of a plain Arsenite Dip-wash .

—

This sample was sent in as an ordinary routine sample for

checking, from a five-day arsenite tank, and classed as
“ very dirty.”
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E. A Moderately Dirty Field Sample from a Cooper’s Tank .—

-

The tank from which this sample was taken was only
“ ordinarily dirty ” and considered to be rather above
standard five-day strength.

Discussion of Results.—The results obtained are given in tabular
form in Table II, being expressed both in c.c. iodine used per 10 c.c.

of fluid tested and in percentages of the results obtained by method 2
(the theoretical values not being available). The methods employed
were the same as in the first series. All the analyses for

“
arsenite

only ” were started within G hours after the preparation of the
solution or after opening the incoming sample bottle, so as to exclude
the possibility of marked oxidation during (he period of the tests,

which would make comparisons impossible.

Taking the value under method 2 as correct for “ arsenite,” it

appears from the table that, although method 1 does not give accurate
results for dips with a high phenolic content and for very dirty dips

generally, yet the variation is relatively slight and (he values obtained
suitable for field control. To a lesser extent this seems also to hold for

fresh ‘‘ phenolic dips ” and dirty “ plain arsenite ” dip-washes in the

case of the isometer method, although here it would seem that a dirty

phenolic dip definitely gives a much too high result. These general-

izations are based less on the few results recorded here than on the

observations made in the analysis of several hundred field samples.

If we further compare the results by method 2 with those by
method 7, the standard method for

“
arsenite and arsenate combined,”

it will be seen that there is a close agreement, except in the case of

solution E, where a considerable oxidation must have taken place in

the tank. On the other hand, we find here again on comparing
methods 6 and 7, that the rapid “ thiosulphate reduction method ”

gives excellent results. The values in columns 3, 5, and 9 call for no
further discussion.

Third Series of Tests.

During the course of the year following (lie above comparative
analyses a large number of field samples was examined, and in many
instances these were subjected to different methods of analysis.

Euither methods of clarifying the dirty dip-wash prior to titration

suggested themselves, amongst others the method of clarification sug-

gested by the Cooper Company being also tried (16). A further

series of tests, partly with regard to the field control of dipping’ tanks,

was therefore planned, which aimed, in the first place, at estab-

lishing the effect on the accuracy of' the results for
“

arsenite ” and
“

total arsenic ” of different processes of clarification, and secondly,

the influence of the
“ adjuvants ” used in the make-up of some

typical proprietary dips, the respective firms very kindly supplying’

us with these.

Solutions Analysed.

For this series a set of solutions was made up, having throughout
the same concentration of arsenite and arsenate, and containing the

adjuvants to be tested in concentrations corresponding to the par-

ticular five-day tank strength. In some cases soil and dung were
also added. To eliminate the possibility of rapid bacterial oxidation,
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all the ingredients, measuring instruments, etc., were thoroughly
sterilized at 120° moist heat, after which 250 c.c. portions of the
“ basal arsenite-arsenate ” solution were measured off, mixed with
the calculated quantity of emulsified adjuvant, etc., and further

diluted down so as to give an identical “ total arsenic ” concentration
in all cases. The solutions were:—

A. Arsenite-arsenate only.—The final solution was found to

contain As,0 3 in the form of arsenite equivalent to 10.05

c.c. of the standard “ five-day ” iodine used and “ total

arsenic ” equivalent to 16.25 c.c. iodine per 10 c.c. of

solution.

13. Arsenite-arsenate containing “Capex adjuvants,” five-day

strength.

C. Solution containing “ llolmsol.”

11. Solution containing “ Cooper’s adjuvants ”
as used in

Cooper’s improved cattle dip, old formula.

F. Solution containing “ Pearson’s adjuvants.”

JF. Solution containing 1 per cent, ground and sifted clay soil.

G. Solution containing 1 per cent, soil and 1 per cent, ground
cattle dung.

H. Solution containing 1 per cent, soil, 1 per cent, dung, and
“ Capex ” adjuvants.

I. Solution containing 1 per cent, soil, 1 per cent, dung, and
“ Cooper’s ” adjuvants.

J. Solution as A, but prepared with tap water containing about

0.02 per cent. CaO and MgO, instead of with distilled

water.

Methods Compared.

These may be sub-divided as follows:—
1. No Clarification of Any Sort.—The sample, whether clear or

turbid, was directly subjected to

—

(a) titration with the standard iodine (for “ arsenite
”

only), excess “ dip-testing powder ” being added;

(b) the “ isometer test ” (for arsenite only),

(c) the isometer test, but without the addition of any
“ dip-testing powder ” or sodium bicarbonate;

(d) reduction with thiosulphate and subsequent titration

with iodine (for “ total arsenic ”);

(e ) reduction with KI and IT 2S0 4 and subsequent titration

(for “total arsenic”).

2. Clarification by Heating 'with Animal Charcoal and Sulphuric
Acid.—This was done on the dirty as well as on the clear samples.
The clarified samples were then

—

(a) titrated with iodine (for “arsenite” only);

(b) reduced with thiosulphate and subsequently titrated

for “total arsenic”;

(c) reduced with KI and H 2SO, and subsequently titrated

for “ total arsenic.”



Table

III.

792

Values

for

Solution

A
by

Methods

la

and

le,

respectively,

were

taken

as

the

standard,

i.e.

10

05

c.c.

for

“

Arsenite

”

and

16

-25

c.c.

for



793

3. Clarification by Treating with Acid Sodium Sulphate,.—To about
50 c.c. of the “ dip-wash ” 1 to 2 grammes of crude NaHS0 4

was added, and after some standing, when coagulation had
started, the solution was filtered through paper. All the solutions,

whether dirty or clear, were treated in the same way. Aliquots

of the’ filtered solution were then

—

(a) neutralized with excess bicarbonate and titrated for
“ arsenite ” only;

( b )
neutralized with excess bicarbonate and “ arsenite

”

only determined by the isometer

;

(c) reduced in the acid solution with thiosulphate and
subsequently titrated for “ total arsenic.”

4. Repeated. Paper-filtration .—The sample, whether clear or turbid,

was shaken up with “ dip-testing powder ” (also called “ precipi-

tating powder ”) and after some standiug poured on a paper
filter. This had sometimes to be repeated several times before

a noticeable “ clearing ” of the turbid solutions could be achieved.

The sample was then directly titrated with standard iodine (for
“ arsenite ”

only).

Discussion of Results.

The results are recorded in Table III.

A cursory examination of these figures creates the impression that

there is very little difference between the results obtained on the

various solutions and that all methods of clarification and analysis,

except 1 (c), are capable of giving results which are at least suitable

for purposes of field control. In a sense 'these results were dis-

appointing, as it was hoped that the differences frequently observed

in field samples would be reproduced here in some measure \17). That
no very pronounced variation of results was obtained, might be
explained on the supposition that the fresh, undecomposed “phenolic
bodies ” and dung do not interact rapidly with iodine; wdiereas the
“ foreign bodies ” in an old field dip sometimes do.

A more detailed review of the available figures, however, brings

out a certain number of points of interest, some of which have already
been stated in connection with series 1 and 2:

—

1. It is again shown clearly that the method of clarification by
means of heating with animal charcoal and sulphuric acid is reliable.

In practice, where not infrequently dips are met with which are so

turbid that the end-point on direct titration cannot be fixed with rea-

sonable certainty, or which contain a large proportion of foreign matter
reacting with iodine fairly easily, it becomes essential to have a
dependable rapid method of clearing the dip (results under method 2).

2. The method for “total arsenic” by reduction of arsenate

to arsenite with thiosulphate yielded excellent results where the
solution had been first clarified with charcoal and H 9 S0., [method 2

(5)]. This process must therefore be considered reliable. On the other

hand, where there had been no previous “ clearing,” the final end-
point was in some cases very evanescent, thus giving rise to markedly
higher values [method 1 (

d)].

3. Reduction of arsenate with KI and TLSO.! was found to be
practicable, in all cases tested, without previous removal of phenolic
or other organic matter. Correct results were obtained by this method
both with or without clarification [methods 2 (c) and 1 (e)]. For
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obvious reasons the Chapin method for
“

total arsenic ” is, however,
preferable for routine work.

4. The isometer method tends to give higher values, even with
these fresh solutions, in the cases where fair amounts of phenolic
adjuvants are present [method 1 (b)], the influence of the small
quantity of fresh dung in case G not being marked. It may here be

mentioned in passing that the use of the so-called “ dip-testing

powder ” did not seem, on actual trial, to offer any advantage over
plain bicarbonate, even in the case of dips containing- soap.

5. Direct titration of the unclarified solution with iodine in the
presence of sufficient bicarbonate (or

“
dip-testing powder ”) gave

very fair results, although in several cases the end-point was some-
what unstable. The results by this method have, however, sometimes
been found unreliable for dirty dip-washes, especially those containing
much phenolic adjuvant.

G. As was to be expected the results were much too low by metliod
1 (r), where no bicarbonate was present. The excuse for including
this in the tests was simply that the writer had heard of several

instances where the “ powder ” had been omitted in carrying out the
field test, the, view apparently being held that the tank fluid is either

sufficiently alkaline to allow of the reaction between arsenide and
iodine being quantitative, or that the lowering of the result due to

the omission of the bicarbonate is practically just balanced by the

raising of the result due to disturbing organic matter. Although we
ourselves have recorded such cases (18), the method is quite rmreliable,

and its use, even for rough control in the Geld, should be discouraged.
7. Clearing the dirty sample by means of crude bisulphate has

been suggested by the Cooper Company. The recorded results

(method 3) show that this process involves a slight loss of As 20 3 ,
but

that the method is perfectly justiGable for Geld control, in cases where
the natural dip-wash is somewhat dirty. It is not yet clear to what
this lower figure is due, although in some cases retention of some
arsenic by the, coagulated material might be a factor. A relatively

pure sodium bisulphate gave a similar low value.

8. Filtering the solution after shaking up with “ dip-testing

powder ” till a somewhat clearer Gltrate was obtained gave fairly

good results. Here also a very slight removal of arsenic might result

on Gltering (method 4).

9. The results obtained on the solution made up with ordinary
“ hard ” water agreed well with the theoretical values. Correct

results were also found in other tests where excess of Ca(OH) 2 had
been added to the arsenical solution prior to titration. If, however,
the solution was Gltered after the addition of Ca(OH), (and before

adding excess bicarbonate,—difference from method 4) a large loss

of arsenic resulted naturally (19).
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Oxidation in Arsenical Dipping Tanks.

By -J . P. yak Zyl, B.A., Ph.D., Research Officer, Onderstepoort.

J r has been known for some time that under suitable conditions con-
siderable bacterial oxidation of arsenite to arsenate could take place
in laboratory tests, this phenomenon being studied by Fuller (1),

Lewis (1a), Green (2), and others. Green, in this laboratory, isolated

and described the causal organism. Bruennich (8), Chapin (4),

Cooper and Freak (5), and others have also shown or suggested that

under certain circumstances oxidation might be due to purely
chemical causes. For Australian conditions Bruennich (6), for

U.S.A. Chapin (7), for South Africa Lewis (8), and others have
shown that oxidation might sometimes become marked in a dipping
tank : though, on the other hand, in this country the risk of serious

oxidation has generally been considered small for tanks which are in

regular use (9), the likely explanation being that the “ reducing ”

bacteria, which are also commonly present and have been described

by Green (9a), find favourable conditions and outbalance the

oxidizing organisms (10).

For; the purpose of getting definite information on this point for

South African conditions, over two hundred actual field samples, from
over a hundred different tanks in various parts of the Union, represen

tative of various kinds and strengths of lipping fluids, were obtained
in the course of about a year (1921), partly through the kind
assistance of some of the officers of the “ Field Division. ” As
“ standard ” methods for

“
arsenite only ” and “ total arsenic

”

respectively, use was made of the Chapin-Green methods:—
(a) Clarification of the sample of dipwash by heating with

animal charcoal and sulphuric acid and subsequent
filtration, neutralizing an aliquot of the filtrate with
excess bicarbonate and titration with a standardized iodine

solution.

(I>) Reduction of an aliquot of the clear filtrate prepared as

under (a) with thiosulphate, in weak acid solution, removal
of excess thiosulphate in the still acid solution with the

equivalent quantity of iodine solution, and titration of
“ total arsenic ” after neutralizing with excess bicar-

bonate.

The validity of these methods have been demonstrated else-

where (10a).

In Table I a summary of the results is given.
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Table I.

Percentage Number of Cases where
Oil., was

Number Average Maximum
of Result Figure

Samples. in %.* in %.* 110 % 111- 120- 151- 201 %
Nature. Period. and less. 125 “o. 150 %. 200 %. md more

A.—High 3-day 10 114 1 97

1

60 30 0 10 0
Phenolic 3-7-da

\

35 140 249 1

1

17 43 23 0
Content 14-day 1

5

203 319 0 0 20 40 40

Totai . 00 155 319 17 i-5 30 25 13

li.—Low or No 3-day 6 101 104 100 0 0 0 0
Phenolic 5-7-day 134 104 1 07

1

88 9 2 1 0
Content. 14-day 10 120 181 50 0 40 10 0

Total. 150 100 197f 80 8 5 1 0

Ali, Bips—Total. .

.

210 120 319 06 10 12 8 4

* Results are expressed as “ Total Arsenic ” based on Arsenite-As 20 3 as 10U.
t The extent of oxidation in these cases is excessive. No particulars about these tanks were

procurable, but presumably both had been “ resting ” during the winter months just preceding.

The main point that is clearly brought out hy these figures is

that there is a decided difference in the tendency to oxidize between
dips containing no or little “ phenolic ” adjuvants and those con-
taining a relatively large amount, the latter class often showing a

gradually increasing oxidation (see appended charts).

Contemporary work by Williams (11) and t lie Cooper Technical
Bureau (12) have very clearly brought out the same point. In fact,

as a result of this, the Cooper Company has been experimenting for

some time with the view to altering the composition of their
“ Improved Dip ” in such a way as to do away with the risk of

oxidation, without impairing its efficacy. At present their “ new
improved dip ” (Cooper’s N.O.D.), which is claimed to be non-
oxidizing, is in use in one, of the Onderstepoort tanks, and* to date

(after three months) no noteworthy oxidation has been recorded.
What precisely the limiting amount and the nature of these

phenolic bodies which favour oxidation under ordinary field con-

ditions are, has not been determined yet. On general considerations,

and as far as the writer’s analyses go, it would appear that besides

the well-known “ old formula ” Cooper’s improved dip, the less

common or newer Arsenoda-Holmsol mixture, MeDougall’s liquid

cattle dip (“ Matatik ”), and Little’s Cattle Fluid dip might also be
expected (12a) to show oxidation under ordinary field conditions,

whereas besides plain arsenite, the old standard “ Laboratory dip.”

St. O’Gorman cattle dip, Cooper’s “ Tixol,” “ Capex ” cattle dip,

plain “ Arseaioda,” “ Champion ” cattle dip, Little’s Cattle Powder
dip, etc., could be called non-oxidizing.

In further explanation of the figures recorded in Table I, it might
be mentioned that relatively few 3-day or L4-day samples were
obtainable, by far the most common practice, being 5- to 7-day
dipping. Nevertheless there seems sufficient evidence to warrant the

deduction that the tendency to oxidize increases with the “ dipping
period,” becoming marked sometimes even in tanks of the non-

oxidizing type, when these are used at a 14-day interval. An
interesting illustration of this was a freshly made-up, plain arsenite

tank, which was being used at the fortnightly interval for dipping
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about 50 head of cattle. At one time “
total arsenic ” went up to

over 180 compared to arsenite 100, remaining afterwards roughly at

150. As throughout this period the tank fluid remained very clear,

it was surmised that the medium remained unfavourable to the

reducing organisms (10); consequently it was advised to stir some
dung (13a) into the tank at intervals. Two months later oxidation
had decreased by about 10 per cent, in spite of the fact that the tank
was now completely in disuse (winter), and by another 10 per cent,

after a further three months, shortly after dipping had started again.

As the tank was now put into weekly use, a fair number of animals
passing through it, the addition of dung' was discontinued. Three,

months later this tank showed no oxidation (Chart A.B P.).

On examining the figures for 5- to T-day tanks in group B, it is

seen that of the 134 samples analysed only 10 gave a total arsenic

content of over 110. Unfortunately, it was not always possible to

obtain definite information as to the previous history of the tanks
undei examination. In eight out of the sixteen cases, however, this

relatively high oxidation could be put down to irregular use of the
tank or to the small number of animals dipped in a comparatively
fresh dip (or to both causes combined). In three other cases oxidation
was attributed to the fact that the tank had formerly contained a

highly oxidized dip. In such cases an initial oxidation, even of a

plain arsenite dip, is quite natural (compare Chart C.H.). In no
case was there noticeable oxidation in 3-day tanks belonging to

group B.

On t lie other hand, in the case, of tanks* containing a fair per-

centage of phenolic bodies (group A) we find in all the 15 cases

examined pronounced oxidation for a 14-day dipping interval (14),

half the As 20, on an average being in the oxidized form. In some
cases it was attempted without success to keep oxidation down by
addition of dung between the dates of dipping. Reducing the dipping
interval and putting large numbers of animals through the tank also

failed to
“
reduce ” a tank once badly oxidized. Even with a 5- to

7-day period there is still with tliis class of dip a strong tendency to

become appreciably oxidized, in two of the 35 samples examined more
than half the As 2G 3 being in the oxidized form. Even for some
municipal or

“
native location ” tanks of phenolic character, known

to be in regular use at 5-day of weekly interval for large numbers of

animals, high oxidation figures were recorded. Only when these

tanks are used regularly at a 3-day interval is there little, risk of

marked oxidation of arsenite to arsenate (cp. Chart C.S.2).

For a few representative tanks an attempt was also made to follow

the rate; of oxidation for long periods. The results obtained are repro-

duced in the appended charts. The curves are not as accurate as

might be desired, for no account is taken of water or fresh dip added,
etc., these data being very often unobtainable. However, they illus-

trate approximately what is taking place under field conditions and
forcibly bring out the influence of dipping interval, phenolic nature
of dip, and some other factors, on rate of oxidation.

Chart C.G. is constructed from figures kindly supplied by tfie

Cooper Technical Bureau for a 14-day tank which they had under
observation for over a year.

For the purpose of easy and expressive charting it was found
convenient to express the extent of oxidation as a ratio between “

total
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arsenic ” and “
arsenite only,” both quantities being in terms of

As20 3 and the ratio being expressed as a percentage, i.e. “ total
”

in terms of “ arsenite ” stated as 100. This figure was plotted against

the time.

Whilst this work was in progress a beginning was also made with
a set of bacteriological tests, various culture media being inoculated

with material from some ten selected tanks, one of the principal

objects being to study the effect of various kinds of “ phenolic adju-

vants ” on both oxidation and reduction. As this study had
unfortunately to be abandoned whilst still in the preliminary stage

on account of pressure of other work, it will suffice to state here

—

(a) that in all tanks, including Cooper’s improved dip, experi-

mented on, both reducing and oxidizing organisms were
found (15);

( I) )
that in a medium rich in organic matter the reducing
organisms usually got the upperhand in the earlier stages;

(c) but that if any acid produced in such a medium was con-

stantly neutralized, the oxidizing bacteria in the end
usually asserted themselves;

(cl) that in fresh laboratory-prepared 5-day dips, fortified

with some arsenite and arsenate and suitable nutrient

solutions, neither oxidation nor reduction was noticed in

three weeks’ time in Pearson’s Arsenical Dip, Cooper’s
Improved Cattle Dip, and plain arsenite dip containing

.05 per cent, formalin; slow oxidation, but no reduction
in “ Arsenoda-Holmsol,” more rapid oxidation and also

reduction in “ Capex,” and rapid oxidation and reduction

m “ Tixol,” “ St. O’Gorman,” and plain arsenite.

These and other observations therefore seem to justify the con-

clusion that under lield conditions the concentration of the phenolic
adjuvants in tanks containing phenolic proprietary dips becomes
adjusted (by decomposition) more or less at a concentration still

inimical to the development of the reducing organisms, but allowing
of a certain amount of activity on the part of the oxidizing bacteria

(16). It is possible that in an essentially phenolic dip like Pearson’s,
the phenolic concentration will remain so high that even the oxidizing
bacteria are permanently put out of action. Further study of the

question of bacterial oxidation is being planned.

It is commonly advised that a dipping tank should be checked
occasionally by an accurate analysis of a sample in some chemical
laboratory. Reference must therefore be made here to the possible

oxidation or reduction in the sample in transit, a danger which is

warned against by Chapin (17), Holborow (18), and others. In this

laboratory, too. it was formerly customary to supply farmers and field

officers with sample bottles containing a little strong acid, sufficient

to make the sample distinctly acid and so prevent any bacterial action.

A few trials were now again made to test the extent of the change
in samples several days to several months old. The results are tabu-
lated in Table II. Provided the sample bottle is well tilled and
well corked (19), the addition of a “ preservative ” does therefore
not seem necessary, although there may possibly be exceptions to

this generalization.
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Table II.

1’ereentage Percentage Percentage
As 20 3 As 20 3 As.0 3

Sample. Treatment.
present as

Treatment.
present as

Treatment.
present as

Arsen- Arsen- Arsen- Arsen- Arsen- Arsen-
Ite. ate. ite. ate. ite. ate.

Cooper's,14-day Normal ; 4 147 098 Acid; 4 days •150 098 Formalin

;

•146 •096
days old 4 days

Cooper's, 7-day Normal; 10 098 090 — — — Formalin; •099 •090
days 10 days

Arsenite, 7-day Normal
;

4 151 000 Half-lull •110 •034 — — —
days old bottle; loose

stopper; 5
days

Acid; 3 daysArsenoda- Normal ;
3 105 •006 •110 006

Holmsol, 5-day days
Mixed Cooper’s, Normal ; 5 181 •070 Half-full, •171 081 — — —
14-day days open; stood

ldaylonger
St. O’Gorman, Normal ;

1 •164 • 004 Acid; 1 day • 163 •004 Quarter-full

:

•124 •042
7-day day o o s e 1 y

stoppered

;

stood 1 day
[longer

St. O’Gorman, Normal
; 3 •172 •004 Nearly •120 •054 —

7-day days
|
empty ;

stoppered

;

2days later

Arsenite, 7-day
|

Normal
; at

once
•120 001 Acid; 6

months
•125 •003 Formalin

;

6 months
•124 •003

Same dip 1
Normal

;
0 •123 • 005 Open, full •120 007 Open, half- 002 •150

months bottle ; 2 full bottle;

days old 6 months

In ibis connection reference should also be made to the necessity

of securing a really representative sample. It appears that in resting

tanks there is a fairly rapid oxidation on the surface (20), and as the

samples are practically invariably obtained from the surface layers,

it follows that they can only be representative cf the lank fluid as a

whole if the contents have been thoroughly mixed immediately
previous to sampling. In the writer’s experience it is a somewhat
difficult matter to stir up a 4000-gallon tank with a plunger so

thoroughly that absolute uniformity is ensured; the most reliable

method is to stir up the tank by putting at least half a dozen animals
through it, and generally samples should be taken for analysis during
or immediately after dipping. As an illustration of this point the

following cases of samples actually sent in for analysis may be

quoted :
—

Table III.

Percentage
As 20, recovered.

%
Oxidation. Explanation.No.

Arsenite. Arsenate.

r a
U
U....

166 •014 8 Sampled after supposed thorough stirring with plunger.

178 •004 2 Sampled few days later after several animals dipped.

fa.... •072 •140 66 Surface sample after tank resting about a week.

•194 •022 10 Sampled at next dipping.

a{"-
•014 •000 81 Tank flooded and resting about a month. Imperfect

stirring.
•048 •050 51 New sample sent from following dipping.

J*— 004 086 96 Surface sample
; tank at rest several days.

•098 •008 8 Sampled at next dipping.

•112 •005 4 Tank flooded, imperfectly stirred up with plunger.

•142 •003 2 Sampled affer few animals through. Note increased
concentration.
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In conclusion, a few observations on wbat the writer considers
to be cases of purely chemical oxidation may be recorded here. In
some tests carried out in another connection it was found that marked
oxidation had sometimes occurred under circumstances suggestive of
agencies other than bacteriological, as is seen from the particulars
given in

—

Table IV.

Solution Treatment.

Percentage
As 2O a

recovered.
Treatment.

Percentage
As 20 3

recovered.
Remarks.

contains
Arsenite. Total. Arsenite. Total.

0 '4 % Tar,
0-1(3 % As 20,
as Arsenite

Not sterilized;

4 days old
91 101 Not sterilized;

10 days old
85 101 —

2-5 % Soil,

0-16 % As2O a

as Arsenite

Not stefilized;

4 days old
87 97 Not sterilized;

10 days old
83 97

1-5 % Dune,
0 16 % As 20 3

as Arsenite

Not sterilized;

4 days old
99 101 A’ot sterilized;

10 days old
100 101 For comparison

Plain solution
of Arsenite
and Arsenate

Sterilized ; 1

month old
100 100 — —

.

For comparison

1 % Soil, 1 %
Dung, Arsenite
and Arsenate

Sterilized ; 1

month old
87 <)<)

1 % Soil, l %
Bung, Arsen-
ate, and
Cooper’s Dip

Sterilized
; 1

month old
93 100

Cooper and Freak (21) could also record definite chemical oxi-

dation in arsenite-tar and other solutions which were strongly aerated,

especially if exposed to strong sunlight, and Chapin (22) found that

arsenite was absorbed in some measure by blood-charcoal and
recovered on washing out as arsenate.

To obtain some indication as to the extent of this purely chemical
(or physical) oxidation occurring in solutions containing tar and soil

respectively, 500 c.c. of a weak (approximately 5-day strength)

arsenite solution were mixed with 5 gm. of Stockholm tar (emulsified

with Na()H previous to addition to the arsenical solution) end 5 gm.
of a fine (day soil respectively. These solutions were autoclaved on
four successive days. On analysis after eight days, No. 1 was oxidized

to the extent of 80 per cent, and No. 2 to 9 per cent.

In another case the effect of a larger quantity of soil was studied.

50 gin. of the clay soil were added to 500 c.c. of a solution containing

2 gm. As20 3 as arsenite. The mixture was initially sterilized, shaken
up several times daily for a week and then filtered (draining well and
washing once). The recovery was only 1.44 gm. As203 , of which 6

pel' cent, was in the oxidized form. To recover the
“ absorbed

”

arsenic, the soil itself was again washed several times (to expel the

hulk of the residual solution) and an aliquot was then extracted by
heating with a mixture of dilute sulphuric and phosphoric acids. In
this way .49 gm. As203 was obtained from the soil, 43 per cent, of

which, however, was in the oxidized form; thus showing that the

arsenite absorbed or chemically bound by the. soil particles is at the

same time largely oxidized.

From the above there can be little doubt that the oxidation of

arsenite to arsenate noticed in certain cases in tar emulsions and soil
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suspensions was due to other than bacteriological agencies. Whether
chemical oxidation occurs under field conditions has not yet been
established, though it does not seem likely, in general, to be an impor-
tant factor; for in the presence of the much more active bacterial

oxidation, which is usually possible, it would be completely obscured.
Nevertheless, it seems possible that in certain cases (e.g. Pearson’s
Arsenical Dip) the possibility of chemical oxidation might have to be
considered (23).
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Preliminary Notes on the Life-History of

Oesophagostomum Columbianum,

By F. Yeglia, Dr. Yet. Sc. (Turin), Research Officer, Onderstepoort.

Introduction.

The two most serious verminoses of sheep in South Africa are those

occasioned by

—

Haemonchus contortus (Cobbold, 1898), and Oesophagostomum
columbianum (Stossich, 1899, Curtice, 1890).

The life-history (1) and chemo-therapeutic treatment (2) of the

former have been dealt with in preceding issues of the “ Report of

the Director of Veterinary Research.” The present note deals with
observations concerning the second parasite, made since 1920.

The investigations of Marotel (3), 1908, on Oesophagostomum
radiatum are perhaps the most important hitherto published upon
the development of oesophagostomidae. This author concludes that

there are three intranodular larval stages: the strongyli.forin
,

the

ancylostomiform, and the oesophagostomiform. Adding the adult

and two free-living larval forms, there would therefore be six stages

in the complete life-cycle.

Since the work of Marotel various observations have appeared
in the veterinary literature. Jowett’s articles (4 and 5) upon Nodular
Enteritis of Bovine® in the Cape Province confirms the main
conclusions of Marotel

.

According to the observations now recorded, however, the develop-

ment of Oesophagostomum columbianum can be provisionally divided
into five stages, between each of which is an ecdysis. This is in

accordance with the fire developmental stages of the nematodes in

general and can be readily correlated with the researches of Leuckart
on Uncinaria stenocephala, of Perroncito and Loos on Ancylostoma
duodenale, of Theiler on Trichostrongylus douglassi

,
and of the writer

upon Haemonchus contortus.

It would also appear that the period of intranodular life of

Oesophagostomum columbianum may be as short as five days in lambs,
and that in this same host the adult stage can be reached in thirty

days from the date of infection. Further observations are now in

progress to ascertain the influence of the age of the sheep, the season
of the year, the presence or absence of old worms in the intestine,

and other factors, upon the time required for the. larval development
of the species.

Anolher point considered here, concerns the migration of the
inrvae within the host. Recent observations of Stewart, Ransom,
Foster, and others, have shown that larvae of Ascaris, when hatched
in the intestine of the host, migrate through the intestinal walls into
the portal vein, liver, lungs, along- the trachea and oesophagus, and
thence return to the intestine. Other worms (genus Ancylostoma,
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Strongylnides) have, also been found to migrate through the blood-
stream in the larval stage, before establishing themselves in the

intestine, and it has therefore become a matter of interest to hel-

minthologists to ascertain how many species of parasitic worms follow
the migratory path of Ascaxris. It is here shown that the larva of

Oesophagostomum columbianum does not migrate through the liver

and lungs after ingestion by the sheep, but does migrate in the local

intestinal tissues of the host.

Comparison of the times of parasitic migration of the two worms
is of interest. The larvae of Oesophagostomum columbianum reach
the intestine, undergo an ecdvsis, and penetrate the intestinal walls

between the 12th and 24th hour, while the larvae of Ascoris probably
undergo two ecdyses and penetrate the intestinal walls at about the

17th hour after arrival m the host. The larvae of Oesophagostomum
undergo the third ecdvsis during their sojourn in the mucosa, and
return direct to the lumen of the intestine in a minimal period of

6 to 8 days. The larvae of Ascaris may return to the intestine in 6
to 12 days, and it would be interesting to know whether they undergo
an ecdysis during their migration through the liver and lungs.

Life-cycle of Oesophagostomum colum bianum .

The development of this worm covers three anatomically and bio-

logically distinct stages, (1) embryonic, (2) larval, (3) adult. The
embryonic period begins in the maternal organs and is completed in

the open when the egg is passed out of the infected sheep. The larval

stage develops partly in the open, and partly within a host sheep.

The adult reproductive, period is passed entirely in the host infected

with the larvae. Oesophagostomum columhianum is therefore
oviparous, and its parasitic life is confined to one host (Monoxen).

Embryonic Period —Embryonic development of Oesophagosto-
mum does not differ in its main features from that described by Zur
Strassen (1896,) for Ascaris. The following developmental egg-stages
were observed :—One-cell, two-cell, three-cell, four-cell eggs, followed
by eggs of seven and eleven cells; eggs at the morula ’’ stage, at

the, “ tadpole ” stage, and eggs with mature or vermiform embryo.
As passed out with the faeces of the sheep, the eggs most commonly
show eleven to twenty-seven cells.

Larval Period.—Larva© hatch out between the seventh and
twenty th hour after evacuation from the infected sheep.

The first stage lasts about twenty-four hours, the main features
being rhabditoid oesophagus with lateral lines exhibiting a keen free

edge. There are two sub-stages, one of activity during which the
larva feeds and grows, and the other of le.thargus or catalepsis during
which the larva undergoes its first metamorphosis. When the
lethargic larva wakes up, it shows the structure of the second stage
surrounded by the old skin. If ingested in the, first stage by a sheep,
subsequent development to adult stage does not occur.

The second stage covers about three days, the larva being then
characterized by lateral lines exhibiting a flat, free margin. During
the active sub-stage it casts the outer skin (first ecdysis), feeds, grows,
is more lively than in the first stage, but thigmotropism is not yet
manifested. In the lethargic sub-stage a further transformation
occurs (second metamorphosis), during which the old skin again
separates from a new one.
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The third stage (mature larva) begins immediately after com-
pletion of the second metamorphosis. The second lethargus, however,
may he abnormally extended under unfavourable external conditions

(low temperature), and an active larva may lapse into lethargus after

a spell of liveliness, if conditions unfavourable to activity intervene.

The maturing larvae do not complete the second ecdysis at the

onset of the active period of the third stage, since the outer skin

appears to be an efficient protection against adverse influences in the

open during migration in search of the host.

The general features of the third stage are as follows:—The
mouth opening is surrounded by three contractile lips, which remain
closed until the larva reaches the host; the oesophagus is of strongyli-

fnrm type; the outer skin is retained; the larva does not feed, but
shows a conspicuous migratory instinct; the average length is 800g,
of which the posterior fourth represents the tail.

It may be added that in artificial cultures from droppings con-

taining' eggs of several species of worms, the migratory instinct of

the larvae of Oesophagostomum is noticeable, on the sixth or seventh
day, as compared with fourth or fifth day for Haemonchus and Tricho-

strongylus, and third day for Stronggloides papillosus. The larvae
of Oesophagostomum can be easily distinguished from those of its

commensals by the form of the tail, which is long and whip like. The
tail of Haemonchus is shorter and more regularly conical, while that

of Tricliostrongglus and of Stronggloides papillosus is shorter

still. A magnification of thirty diameters is sufficient for such
differentiation

.

Resistance and Migration of the Mature Larvae .—The larvae of

Oesophagostomum exhibit the same phenomena of thigmotropism,
iieliotropism, geotropism, and hydrotropism, already described for

those of Haemonchus contortus (l.c.l.). The resistance of the former
to external conditions in the open also' shows no marked difference to

that previously reported for the latter (l.c.l.).

Parasitic Life of the Mature Larvae.—Experimental oral

infection of sheep with eggs, or with larvae at the first and second
stages, gave consistently negative results; as also all attempts at

infection with mature larvae through the skin. Infection with mature
larvae through the mouth, or infection into the rumen through the

flank, gave consistently positive results.

Parasitic Part of the Third Larval Stage or First Parasitic

Stage .—When such mature larvae are swallowed by a lamb, they
follow the stream of ingesta through the stomach, and intestines as

far as the large colon, completing the second ecdysis on the journey,
and migrating into the mucosa of the colon very soon after arrival.

With the object of following the disappearance from the intestinal

lumen, a number of lambs and small experimental animals were
artificially infected with mass cultures of larvae. At various intervals
after infection the animals were then chloroformed to death and the
internal organs systematically searched, with the following results:—

First Twelve Hours.—Dead or living larvae found in the faeces

of the rat, with second ecdysis generally completed. In the lamb,
at the twelfth hour after infection, larvae were still numerous in

the stomach, duodenum, ileum, and large colon; only found in the
lumen and not in the vena porta, liver, vena cava, heart, lungs, or

trachea. With the exception of a few in the rumen all had completed
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the second ecdysis. The length of the larvae is now from 650/x to

775,u, the distance between mouth and anus being 100/r longer than
in mature free life, but the length of the tail being reduced from
200/i to 75y. The mouth opening shows three contractile lips, is

small, and armed with a tooth at the bottom. The oesophagus is

strongyhform, cervical glands are much developed, the genital

primordium is oval and consists of a few cells. The tail is short,

thick, and slightly knobbed at the top.

I he host lamb may show liyperaemia of small and large intestines.

Twenty-fourth Hour .—In the rat and the rabbit a few dead larvae
were found in the stomach and jejunum; numerous larvae in the
ileum, of which half were dead, and half alive after having com-
pleted the second ecdysis; very numerous in the large colon; present

only in the lumen and not to be found in the portal vein, liver, heart,

or lungs.

In the lamb a few larvae were still noted in the rumen, aboma-
sum. and small intestine; numerous in the, lumen of the large colon

and very numerous in its mucosa, a patch 3 m.m. in diameter, com-
monly showing over ten larvae variously arranged in the depths of

the “ mucosa propria ”—curved, waved, or coiled up. Search for

larvae in the portal vein, liver, heart, and lungs, gave completely
negative results.

Thirty-sixth Hour .—In the rat a few dead larvae were found in

the stomach, small intestine, and lai-ge colon
;
numerous in the small

colon, rectum, and faeces, the majority being alive and having com-
plete,d the second ecdysis. None found in the intestinal mucosa, portal

vein, liver, heart, or lungs.

In the lamb a few dead larvae still persisted in the stomach and
a few live ones in the small intestine. The majority, however, had
reached the large, and small colon, and established themselves in the

depths of the mucosa propria. Several had already encysted. Other
organs showed no larvae The Intestinal lesions in the host were
much the same as at the twenty-fourth hour.

Forty-eighth Hour .—In the rat a few dead forms were found in

the stomach and small intestine; several living larvae hidden in the

thick mucous secretion of the walls of the large and small colon.

A few seemed to have entered the intestinal glands and formed a cyst,

but this observation is under corroborative investigation. No larvae
in other organs.

In the lamb the observations of the forty-eighth hour are limited
to one case which was infected just after feeding, and in which an
attack of indigestion followed. Living larvae were still fairly

numerous in the abomasum. Hyperaemic and haemorrhagic jejunitis

was associated with numerous larvae in the lumen and mucosa
;
ileitis

associated with fewer larvae in lumen and mucosa
;
and slight hyper-

aemic colitis with rare larvae. The undue retention of the larvae
in the earlier portions of the alimentary tract is attributed to the
observed undue retention of undigested milk. No larvae were found
in the portal vein, liver, heart, or lungs.

Third Day .—In the rat the larvae were observed passing out in
the faeces, having failed to infect the mucosa, and having progressed
no further than the second ecdysis.

In the lamb one case showed all detectable larvae already encysted
in the depths of the mucosa

;
another case showed all the larvae within
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the mucosa, but not yet encysted. Portal vein, liver, heart, and
lungs were again searched but with negative results.

Fourth Day .—Lamb two' weeks old at the time of infection; all

larvae encysted in the depths of the mucous membrane of the colon
and latter half of the ileum, from five to eight cysts being* counted in

one square miliinetre.

The i ntra mucosal cyst of Oesophagostomum columbianum is

shaped like a large nematode egg*, but is less regularly oval; dimen-
sions 30()y by 200u

;
walls thin, elastic, and transparent; easily

dissected from the surrounding tissues.

The larval cyst is usually surrounded by lesions of the mucosa
itself. In the case of the lamb under consideration the capillary
vessels were congested around the cysts, creating the impression of

punctate hyperaemia.
The path of penetration from intestinal lumen to the locus of

the cyst can be readily traced in serial sections of the mucosa. Some-
times the larva bores a passage perpendicular to the Muscularis
mucosae, and immediately encloses itself with a cyst, while at other
times it may wander some distance through the areolar tissue before

encysting. In the lamb under discussion, on the fourth day after

infection, the larvae were all in lethargus and undergoing the third

metamorphosis. The outlines of the new mouth capsule were visible,

and the old skin was detached at both ends of the body.
As in the preceding cases, no signs of larvae could be detected

in other organs.

Fifth Day. Fourth Larval or Second Parasitic Stage.—Lamb :

all larvae encysted in the ileum and colon, overlying the Muscularis
mucosae

,
and detectable by the naked eye as fine white granulations.

The large intestine was also red and slightly oedematous. The
larvae had nearly all completed the third metamorphosis and entered
the fourth stage. The third ecdysis was not yet completed, but the
outer skin was broken at the anterior end in several cases. The length
averaged 1,600/x. No larvae had yet migrated from the cysts back
into the intestinal lumen.

As before, no laivae could be detected in the portal vein, liver,

heart, lungs, and trachea.
Sixth Day.—Lamb : about 90 per cent, of the detectable larvae

were still encysted in the mucosa, the remaining 10 per cent, having
migrated from their cysts into the lumen of the intestine. Naked-eye
examination of the mucosa of the colon showed numerous petechiae,

several of which displayed a yellow centre. Tinder low-power magni-
fication these petechiae revealed four main types:—

(a) Larval cysts, as described for the fifth day of infection, with
slight hyperaemia of the surrounding mucosa.

(h) Cysts with necrotic complications resulting in a yellowish

nodule, about 1 m.m. in diameter, lying on the Muscularis
mucosae, containing a larva, and causing a slight elevation

of the mucosa propria; elevation either hyperaemic or thin

and pale with an encircling reddish crown.
(c) Small ulcerations of the mucosa, with red edges; 1 m.m.

to 2 m.m. in diameter, full of pus or mucus, and some-
times containing a larva.

(d) Cicatricial dots, sometimes concave and pigmented, some-
times elevated, white, firm, and with a thin hyperaemic
zone.
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The larvae enclosed in cysts were either undergoing the third
metamorphosis or had entered the fourth stage; those enclosed in
yellow nodules or in the intestinal lumen were all in the latter stage.

Examination of the portal vein, liver, heart, lungs, and trachea, failed

to show any trace of larvae.

The general features of the larvae at the fourth stag’e, as found
in the intestine, are as follows:—Length of body 1,400/* to 1,700/*.

Mouth opening surrounded by six chitinous lips. Mouth capsule
ancylostomiform, i.e. cupoliform, chitinous, with a basal tooth. Cuti-
cular cervico-ventral groove situated opposite the nerve-ring, and
cuticular fold well marked along its anterior edge. Cervical glands
well developed, and excretory pore opening into the cuticular cervical

groove. Cervical papilla present on each lateral line in front of the
middle, of the oesophagus. Genital primordium of the female much
further behind in the coelomic cavity than in the third stage; now
situated directly in front of the rectal ligament, but still oval and
represented by few cells. In the male a group of cells is noted between
the rectum and the dorsal coelomic wall, with another small nucleus
of cells at the posterior end of the. cervical glands. Tail of the female
is conical, thin, and straight; that of the male, short, stout at the
base, and tapering dorsally like a finger-tip.

Several lambs showed diarrhoea and symtoms of colic, i.e.

whipping of the tail, backward extension of the hind legs, frequent
spasmodic micturition, and unusual thirst. On post-mortem, lesions

of hyperaeinic and oedematous enterocolitis were observed. Examin-
ation of portal vein, liver heart, lungs, and trachea again revealed no
trace of larvae.

Seventh Dot/.—Lamb : migration of larvae from the. cysts is pro-
ceeding rapidly. The following figures representing the approximate
distribution of nodular lesions:—Ur, open cysts in mucosa, 20 per
cent; unopen yellow nodules, 1 m.m. in diameter, with encysted
larvae, 40 per cent. ; open cysts and nodules, some partially cicatrized,

40 per cent.

About half of the open nodules contained one or more larvae, the

other half having emptied into the thick catarrhal coat of the mucosa.
The majority of the larvae had completed the third ecdysis.

Post-mortem revealed lesions of ulcerative and suppurative
colitis. Strong artificial infections produced colic, mucous diarrhoea,

and high fever in lambs, by the seventh day.

As before, no larvae could be found in the portal vein, liver,

heart, lungs, and trachea.
Eighth Day .—Lamb : practically all the larvae had migrated

from the nodules into the lumen of the intestine, and could be found
adhering to the mucosa, protected by a coat of mucus and catarrhal

secretion. A number of small yellow centres were visible on the

external intestinal wall, apparently produced by very deep necrotic

ulcerations of the internal walls. The ulcerations were from 1 m.m.
to 3 m.m. in diameter, and nearly all open. With some lambs, in

which the infection was less severe, cicatrization of the ulcers was
already advanced. Occasionally a few unopened nodules remained,
2 m.m. to 3 m.m. in diameter, but in such cases the original cyst lay
deep in the intestinal wall surrounded by a second fairly thick

adventitious fibrous cyst.

The larvae now measured 1,600/* to 1,700/* in length. The genital

primordium in the female now consisted of eight cells, but occupied
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the same position as on the sixth day. In the male the testicular

primordium was represented by a chain of cells extending from the
posterior end of the cervical glands to the ventral side of the rectum,
while t Ire spicular primordium consisted of a group of cells situated
dorsally to the rectum and growing- forward in tubular shape.

As on precedings days, no larvae could be detected in the portal
vein, liver, heart, lungs, or trachea.

Eight days after infection the lesions of a septic necrotic and
ulcerative colitis may be very severe in lambs. In the particular
lamb under discussion the lesions were complicated by torsion of

a loop of the jejunum. In severe infections lambs cease to feed, fall

off in condition, bleat frequently, and show signs of abdominal pain.
The faeces are sometimes fluid, dark, and mixed with much mucus
and catarrhal discharge. Under the tail and along the hind legs

the wool is damp, dirty, and foetid.

Eighth Day to Thirtieth Day .—The larvae, which have migrated
from the cysts, remain in the lumen of the caecum, large colon, and
portion of the small colon, for the remainder of their larval life.

Although a fairly large number of lambs died or were killed during
the month following initial infection, in no single case could any
evidence be found of their presence in the portal vein, liver, heart,

or lungs.

After the eighth day of infection occasional migration of larvae
from cysts to intestinal lumen may still be observed, but such stray
migration decreases daily. So far it would appear that in lambs
emergence from the cyst occurs immediately after the completion of
the third metamorphosis, i.e. m general, from the sixth to the eighth
day. External factors and age of animal may delay the exit of the
larvae, and these points are now under investigation. From an
anatomical point of view it would appear that an encysted larva,

which is situated too deeply in the intestinal wall, or is too thickly
encased by an adventitious fibrous covering, may never emerge at all;

or at least that its migration may be indefinitely delayed.

It has also been repeatedly observed that severe mucous diarrhoea
may wash out numerous larvae from the intestine. This “

auto-
depuration ” may commence as early as seven days after infection,

and may be so effective as to leave very few larvae in the intestine.

Migratory Aberration of Larvae .—In several cases it was observed
that larvae found their way into the peritoneal cavity after leaving-

the cyst. Such larvae might remain alive there for several days, but
in no case was further growth noted or the fourth ecdysis reached.
Their presence in the peritoneal cavity, however, gave rise in several

cases to acute septic fibrinous and purulent peritonitis, which usually
proved fatal to the lamb.

Further Growth of Larvae in the Fourth Stage .—The larvae were
noted to continue growth right throughout the fourth stag-e of life,

the intestinal cells showing- an accumulation of pigmented granu-
lations, the cervical glands be,coining more conspicuous, the tail of

the female becoming more slender, and the tail of the male stouter
at the base. The cuticular cervico-ventral fold also becomes more con-
spicuous and the genital organs gradually develop their characteristic

anatomical features.

Intestinal Lesions of Infected Lambs .—The number of larvae

used for infecting lambs in the present experiments was generally
very large. The first lambs were “ drenched ” with about 70,000



larvae suspended in JO c.c. of water, tire dosage in subsequent experi-
ments being reduced to 15,000, tlien to 7,000, to 3,000, and finally

to 1,000. The lesions were therefore usually severe, especially as the
majority of the experimental animals were very young lambs or kids.

As already mentioned, the larva of Oesophagostovium columbia-
num produces a small cyst in the “ nmcosa propria ” of the intestine.

With the exit of the larva a small ulceration is produced which,
however, cicatrizes as a simple wound without notable suppuration.
By the twelfth day after infection many of the ulcerations may be
well cicatrized, and by the twentieth day the majority may be reduced
to cicatricial points. By the thirtieth day all macroscopic traces of

cicatrized ulcers may have completely disappeared. This represents

the most simple course followed by the cystic lesion, but various
factors may disturb the normal process. The disturbing causes now
under investigation are

—

(1) delayed migration of the larva from the cyst;

(2) failure of particularly susceptible or weak individual

hosts to combat the local effect of the cyst

;

(3) the proximity or fusion of two or more cysts;

(4) the presence of particular bacteria amongst the intestinal

flora during the period of penetration of the mucosa by
the larvae

;

(5) possible irritation of the cystic ulcers by larvae after

migration into the intestinal cavity.

The subsiding of local nodular inflammation is a slow process, so

that very severe infections often result in progressive extension of the
lesions. In the lambs heavily infected with large doses of larvae, this

progressive extension of local lesions was the rule, and usually ended
in fatal entero-colitis.

The Adult Worm, Fifth Stage.

In one lamb the development of the genital organs of the larvae,

found in the lumen of the large intestine on the ticenty-seventh day
after infection, indicated the end of the fourth stage. The males
were then 2.8 m.m. in length and females 3 m.m. In another small

lamb two female worms, which had completed the fourth ecdysis

and measured 5.2 m.m., were found on the twenty-eighth day. The
other females present were in the fourth metamorphosis and 3.5 m.m.
in length. The males were all at the fourth stage, measuring about
3.3 m.m., and showing separation of the old skin around the bursa.

On the thirty-second day, in a lamb ihree months old, 2 per cent,

of the worms were in the fourth stage, 1 per cent, undergoing the

fourth ecdysis. while 97 per cent, had already reached the fifth or

adult stage. The average length of the adult females was then 5.5

m.m., with a maximum of 6 m.m.; the average for the males being
4.5 m.m. with a maximum of also 6 m.m.. In another lamb, six

months old, which died on the thirty-second day of infection, the

worms showed a general development about four days behind that

shown in the three month old lamb.
From the four cases here recorded, it may be provisionally con-

cluded that in young lambs the fourth metamorphosis or transition

of larvae to the adult stage, of Oesophagostovium columhinnum
,

occurs about one month after infection.

Form . of the Adult Worm.—The young adult exhibits the
diagnostic characters of its species : small ring-shaped buccal capsule,
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oral vestibulum provided with double crown of leaf-like processes,
truncate hemispherical mouth collar, transverse cervical groove
limited anteriorly by the ventral cuticular collar; cervical papillae,
longitudinal lateral membranes extending from the cervical papillae
to the tail; vulva naked and not protuberant; conformation and ray
system of the bursa typical for the species.

Further Progress of the Worm .-—The final study of the adult life

of the worm is not yet, complete, but systematic investigation is now
in progress, and will be reported upon in a later more complete paper;
a paper in which it is hoped also to deal with the influence of factors
such as age of sheep, pre-existing infections with the same worm,
and season of the year, in modifying the behaviour of the larva in its

parasitic life.

Summary and Conclusions.

'(1) The post-embryonic life of Oesophagoslomum columhianum
is divided into five stages by four metamorphosis; four larval stages
and the adult. The first two larval stages are passed in the open.
The third is commenced in the open and completed in the sheep.
Fourth and fifth stages are entirely parasitic.

(2) Each stage may be structurally characterized as follows:—
First Stage .—Rabditoid oesophagus, longitudinal lateral lines

showing a keen, free edge. .

Second Stage .—Rabditoid oesophagus, longitudinal lateral

lines showing a flat, free edge.
Third Stage .—Strongylokl oesophagus, mouth capsule cylin-

drical
;
buccal tooth

;
mouth opening triangular.

Fourth Stage .—Mouth capsule cupoliform, monodonted, ancy-
lostomiform

;
mouth opening hexagonal ; cuticular eervico-

ventral groove and collar; development of genital

primordium towards sexual differentiation.

Fifth Stage .—Specific Oesophagostomum features of the adult
worm.

(3) The parasitic life is passed wholly in the intestine of the host,

and the larvae do not undertake migration through other organs.

(4) The normal locus of encysted larvae is the mucosa of the
large intestine, but varying conditions of stomach ' digestion in the

lamb may influence the rate of passage along- the alimentary tract

and displace the normal encysting points towards the small intestine.

(5) In cases of severe infection with mucous diarrhoea many of

the larvae may be passed out in the fluid faeces and relatively few
left behind.

(6) The minimum periods observed for parasitic development in

young lambs may be provisionally indicated as follows:—
Second ecdvsis completed in the first day after infection. On

the second day the larvae penetrated the mucosa of the intestine and
proceeded to encyst. On the fourth day they were generally found
in lethargus undergoing the third metamorphosis. On the fifth day
they were found in the active period of the fourth stage and engaged
in completing the third ecdysis. On the sixth day larvae began to

emerge from the cysts info the lumen of the, large colon. By the

twenty-sixth day a few larvae had already completed the fourth
ecdysis, and by the thirtieth day most of the worms were found in

the fifth or adult stage.
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(7) The larval cyst appears to be, the typical intestinal lesion

necessary and sufficient for parasitic development. After emergence
of the larva the cystic nicer may cicatrize without leaving macro-
scopical traces. The caseous and calcareous nodules usually noted at
post-mortem of infected sheep are apparently incidental sequelae,
resulting from traumatic, necrotic, or bacterial complications, fol-

lowing original cystic ulceration.

APPENDIX.
Since the preceding notes were submitted for publication, a few further

observations have been made concerning the time required for the parasitic
development of the adult stage of the worm. These may be briefly tabulated
and appended (Table 1), with provisional further summary, as follows:—

(1) Numerous adult Oesophagostomum columbianum were found in the
intestine of an adult sheep thirty days after artificial infection.

(2) The first eggs of Oesophagostomum columbianum appeared in the
faeces of a kid forty-five days after artificial infection, and in the
faeces of two adult sheep fifty-two days after artificial infection.

(3) In the adult sheep it would appear that only a small proportion of

larvae migrated from the cysts into the, intestinal lumen within the
first two months. The majority remained in the nodules for a

longer period, or wandered in the submucosa, while the larvae which
did migrate into the lumen, were generally carried out by the faeces.

(4) The nature of the contents of the colon is regarded as one of the
factors controlling the presence of adult worms in infected adult
sheep. Normal faeces apparently permit the presence of adult
worms, while diarrhoea usually results in the evacuation of the
larvae in the fourth stage of development.

(1) F. Veglia.—“ The Life History and Anatomy of Haemonchus contortus
(Pud.).” Third ar.d Fourth Reports of Division of Veterinary Research,
1915.

(2) F. Veglia.—“ Chemotheraphy of Haemonchosis in Sheep.” Fifth and Sixth
Reports of Division of Veterinary Research, 1918.

A. Theiler.—“ Experiments to determine the safe dose of White Arsenic,
Cooper’s Dip and Bluestone for Sheep.” • South African Agricultural
Journal, March, 1912.

11. H. Green.—“ Fate of Ingested and Injected Arsenic in Sheep with
special reference to Treatment of Haemonchosis.” Fifth and Sixth
Reports, D. V.R., 1918.

(3) Marotel.—Journal de Med. vet. et de Zootechnie. 1908', Vol. 59.

(4) IV. Jowett.—Agric. Journal, Union of South Africa. 1911, Vol. 2, 581.

(5) 11’. Jowett.-—“ Nodular Intestinal Disease of Cattle.” The Journal of

Comparative Pathol, and Therap., March, 1912.

PLATES.

Fig. 1.—Egg of Oesophagostomum columbianum at the “ four-cell ” stage, taken from the

proximal portion of the mother’s uterus.

Fig. 2.—Egg of Oesophagostomum columbianum at the “ Morula ” stage, taken from fresh

faeces of a sheep.

Fig. 3.—Egg of Oesophagostomum columbianum at the “ Tadpole ” stage, taken from

-faeces of a sheep.

Fig. 4.—Larva of Oesophagostomum columbianum at the 1st stage, 12 hours after hatching.

Note the 16 intestinal cells.

Fig. 5.—Larva of Oesophagostomum columbianum at the 2nd stage, 48 hours after the egg

was passed out of the sheep. Note the 18 intestinal cells.

Fig. 6.—Larva of Oesophagostomum columbianum at the 3rd stage, and before the com-

pletion of the 2nd eedysis (mature free larva) ; 5 days after the egg was passed

out of the sheep. Note the 20 intestinal cells.

Fig. 7.—Male larva of Oesophagostomum columbianum at the end of the 4th stage, collected

in the lumen of the colon of a lamb, 30 days after infection.
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Fig. 8.—-Female larta of Oesophayostom am columbianum at the end of the 4th stage

(posterior end of the body), collected in the lumen of the colon of a lamb, 30 days
after infection.

Fig. 9.—Adult immature male of Oesophagostomum columbianum, about 24 hours after tho

4th ecdysis, 32 days after infection of a lamb three months old. The anterior

part of the body is seen from the left ventrolateral side.

Fig. 10.—Adult immature female of Oesophagostomum columbianum, collected from the
same lamb and in the same stage of development as for Fig. 9.

Fig. 11.—Three tails of mature larvae (3rd stage) of Oesophagostomum columbianum.
Fig. 12.—Three tails of mature larvae (3rd stage) of Haemonchus contortus.

Fig. 13.—Three tails of mature larvae (3rd stage) of Strongyloides papillosus.

Fig. 14.—Three tails of mature larvae (3rd stage) of Trichostrongylus extenuatus.

Note.

—

All the figures described above were drawn with the Abbe apparatus and the
Bernard’s Table.

REFERENCE LETTERS.
An Anus.

Cv. or Oral cavity.

Co. Cph Cephalic commissure.

C. int Chyle intestine.

col. ven. cut Cuticular ventral collar.

col. or. pr provisional mouth capsule.

col. or Oral collar.

G. pr Genital primordium.
ggl. c. drs Dorsal cephalic ganglia.

ggl. c. vtr Ventral cephalic ganglia.

ggl. lumb Lumbar ganglia.

ggl. ret Rectal ganglia.

gl. cem Cement gland.

gl. cerv Cervical gland.

Int Intestine.

lig. rect Rectal ligaments.

m. an Anal muscle.

m. lat Lateral cuticular membrane.
m. retr. sp Spicular retractor muscle.

nu. m Nuclei muscular somatic cells.

nu. gl Nuclei cervical glands.

o. s Old skin detached from the body.

oes Oesophagus.

ov Ovarian tubes.

ov. ant Anterior ovarian tubes.

ov. post Posterior ovarian tubes.

ovij Ovijector.

p. ex Excretory pore.

pap. cere Cervical papilla.

pap. lat. cir Lateral circumoral papilla.

pb. p Prebursal papilla.

pr. or Oral chitinous processes.

pulv. p. a Pulvillum post-analis.

Ret Rectum.
r. br Rays of bursa.

spic Spicular apparatus.

te Testis.

u. pars Unpaired part of the genital tubes.

ut Uterus.

valv. int Intestinal valve.

vulv Vulva.
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TABLE I.

Artificial Infection of Oesophagostomum columbianum in Adult Sheep (8-tooth) and Kids.

Number of

Days after
Infection.

Condition of Infection. Condition of Faeces.

9.9

(Sheep
killed.)

Lumen of the intestine :

Larvae in the fourth stage : fairly numerous.
Nodules in the walls :

Caseous, green, closed nodules : 50 per cent, with a larva.
Open nodules : 10 „ „ „
Calcareous nodules : 0 „ „ ,,

Faeces sometimes norm; l

and sometimes unduly
foul.

30
(Sheep
died.)

Lumen :

Adult full-grown worms : twenty-one (old natural infection)
Adult very young worms : numerous \,
Larvae in the fourth stage : seven ^(artificial infection)

Nodules :

Caseus yellow nodules, numerous : 50 per cent, with a larva
Calcareous nodules, numerous : y „ „ „

Faeces slightly abnormaL
from the 9th to the 12th
days after infection.

32
(Sheep
died.)

Lumen

:

Larvae in the fourth stage : about 200.
Nodules :

Caseous, green, closed nodules : 50 per cent, with a larva.
Open nodules : 12 „ „ „
Calcareous nodules : 0 ,, „ „

Faeces apparently norma!
during the whole period
of infection.

35
(Sheep
killed.)

Lumen :

Adult full-grown worms : twenty-three (old natura infection)
Adult very young worms: several \/ nf,w artificial infection)
Larvae in the fourth stage: several

/

(new artificial infection)

Nodules :

Caseus yellow nodules, numerous : 50 per cent, with a larva
Calcareous nodules, numerous : 0 „ „ „

Faeces slightly abnormal
from the 6th to the 9th
days after infection.

40
(Sheep
died.)

Lumen :

Larvae in the fourth stage : numerous.
Nodules :

Caseous, green, closed nodules : 50 per cent, with a larva.
Open nodules : 3 „ „ „
Calcareous nodules : 0 „ ,, „

Faeces fluid and larvae of

oes. col. in the fourth,

stage often present.

45
(Kid
alive.)

Eggs of Oes. col. found in the faeces for the first time after
infection. After this day larvae found daily in the
cultures of faeces until the kid was killed, 56 days after
infection.

Faeces normal from the date
of infection.

52
(Sheep
alive.)

Eggs of Oes. col. found in the faeces for the first time after
infection. After this day larvae found daily in the
cultures of faeces until the sheep was killed, 59 days
after infection.

Faeces normal from the date
of infection.

52
(Sheep
alive.)

Eggs of Oes. col. found in the faeces for the first time after
infection. After this day larvae found daily in the
cultures of faeces.

Faeces normal from the date
of infection.

56
(Kid

killed.)

Lumen :

Adult young worms : nineteen (twelve females and seven
males).

Nodules

:

Forty-seven cheesy nodules in intestine : 38 per cent, with
larva.

Four caseous nodules in peritoneum : 75 per cent, with larva.

Faeces normal from the date
of infection.

64
(Sheep
alive.)

Eggs of Oes. col. found in the faeces for the first time after
infection. After this date larvae daily in cultures of

faeces, until the sheep w'as killed, 84 days after infection.

Faeces constantly normal.

68
(Sheep
alive.)

Eggs of Oes. col. found in the faeces for the first time after
infection. After this day larvae found daily in the
cultures of faeces, until the sheep was killed, 77 days after
infection.

Faeces constantly normal
from date of infection.

68
(Sheep
killed.)

Lumen :

Larvae in the fourth stage : rather frequent.
Nodules :

Caseous and cheesy green nodules : 50 per cent, with a larva.
Open nodules : 0 „ „ „
Calcareous nodules : 0 „ ,, „

Faeces very soft on the
8th and 9th days after

infection, and also from,
the 27th to the 42nd days.

72
(Alive.)

Eggs of Oes. col. found for the first time after infection.
After this date larvae found daily in culture of faeces,
until the sheep was killed, 79 days after infection.

Faeces normal from date of

infection.
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Nujnber of
Days after
Infection.

Condition of Infection. Condition of Faeces.

77
(Sheep
killed.)

Lumen :

Adult mature worms : eleven.
Female worms in oviposition.
Larvae in the fourth stage : five.

Nodules

:

Caseous, green, closed nodules : 30 per cent, with a larva.
Open ncdules : 10 „ „ „
Calcareous nodules : 0 „ „ „

Faeces normal from date of
infection.

79
(Sheep
killed.)

Lumen

:

Adult mature worms : eight.
Female worms in oviposition.
Larvae in the fourth stage : not present.

Nodules

:

Caseous, green, closed nodules: 50 per cent, with a larva.
Open nodules : 0 „ „ „
Cheese, white, closed nodules : 0 „ ,, „
Calcareous nodules : 0 „ ,, ,,

Faeces normal from date of
infection.

84
(Sheep
lulled.)

Lumen :

Adult mature worms : six.

Female worms in oviposition.
Larvae in the fourth stage : not present.

Nodules :

Closed, cheesy, green nodules : 40 per cent, with a larva.
Open nodules : 0 „ „ „
Calcareous nodules : 0 „ „ „

Faeces normal from date of
infection.

104
(Sheep
killed.)

Lumen :

Adult worms : absent.
Larvae in the fourth stage : four.

Nodules :

Cheesy, green, closed nodules : 35 per cent, with a larva.
Calcareous nodules : 0 „ „ „

A distinct diarrhoea noticed
between 10th and 27th
days after infection. There-
after the faeces were soft
and foul for a long time.

152
(Sheep
killed.)

Lumen :

Adult worms : absent.
Larvae in the fourth stage : absent.

Nodules :

Cheesy, green, closed nodules : 45 per cent.
Open nodules : 0 „
Calcareous nodules : 0 ,,

Distinct diarrhoea noticed
between 7th and 27tli
days after infection. There-
after the faeces were soft
and foul for a long time.

155
(Sheep
killed.)

Lumen :

Adult worms : absent.
Larvae in the fourth stage : absent.

Nodules :

Cheesy, green, closed nodules : 25 per cent, with larvae.
Partly calcified nodules : 0 „ „
Calcified nodules : 0 „ „

Distinct diarrhoea noticed
between 8th and 13tli
days after infection. Very
soft and foul faeces passed
between 13th and 29th
days after infection.
Similar conditions noticed
at intervals during the
infection.

156
(Sheep
killed.)

Lumen :

Adult mature female : one.

Larvae in the fourth stage : absent.
Nodules :

Closed, cheesy, green nodules : 65 per cent, with a larva.

(Two cf these nodules contained two larvae each.)
Half-calcified nodules : 0 per cent, with a larva.

Calcified nodules : 0 ,, „ „

Distinct diarrhoea noticed
from 7th to 14th days
after infection. From
14th to 28th day the
faeces were soft and foul.
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